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INTRODUCTION 

 

The Jordan Journal of Pharmaceutical Sciences (JJPS) is a peer-reviewed Journal, which publishes 

original research work that contributes significantly to further the scientific knowledge in 

pharmaceutical sciences' fields including pharmaceutical/medicinal chemistry, drug design and 

microbiology, biotechnology and industrial pharmacy, instrumental analysis, phytochemistry, 

biopharmaceutics and Pharmacokinetics, clinical pharmacy and pharmaceutical care, 

pharmacogenomics, bioinformatics, and also JJPS is welcoming submissions in pharmaceutical 

business domain such as pharmacoeconomics, pharmaceutical marketing, and management. Intellectual 

property rights for pharmaceuticals, regulations and legislations are also interesting topics welcomed 

from our colleagues in Schools of Law. 

On a current topic in Pharmaceutical Sciences are also considered for publication by the Journal. 

JJPS is indexed in SCOPUS (Q3). It’s a journal that publishes 4 issues per year since 2021 in (March, 

June, September, December). The Editorial Team wishes to thank all colleagues who have submitted 

their work to JJPS). If you have any comments or constructive criticism, please do not hesitate to contact 

us at jjps@ju.edu.jo.  We hope that your comments will help us to constantly develop JJPS as it would 

be appealing to all our readers. 

 

 

 

Prof Ibrahim Alabbadi 

Editor-in-Chief 

School of Pharmacy- The University of Jordan 

Amman 11942- Jordan 

 

mailto:jjps@ju.edu.jo
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Volume 18, 2025 
Letter from the Editor-in-Chief                                                                       

 

Life is about demand and supply. While this may sound like a business-related phrase, it is 

embedded in every stage of human life. The foundation of this concept is value—no one will 

buy something they perceive as worthless. However, value is subjective and depends on the 

buyer’s perspective. For example, what is valuable to Hanan may not be valuable to Najah, 

even though they share the same environment and culture. The key factor here is perception—

a term that highlights how people assess value based on their personal needs rather than through 

an objective and accurate evaluation. This subjectivity is also evident in research articles and 

submissions to the Jordan Journal of Pharmaceutical Sciences (JJPS). Sometimes, two 

referees provide widely differing opinions on the same paper, making the decision process extremely challenging, 

even with a third opinion. As a result, some researchers feel discouraged when JJPS declines their submission. 

However, such decisions are never taken lightly. We strive to be as scientific, transparent, and logical as possible 

in our evaluations. 

I am sharing this brief introduction to emphasize that all editorial board members, including myself, always strive 

to be as objective as possible when making decisions about accepting or rejecting submitted articles. As I write 

my final introduction for this year's volume of JJPS, I encourage all researchers to accept and understand both 

the outcomes that bring them joy and those that may disappoint them. After six years of continuous dedication 

and teamwork with my colleagues, this September I am stepping down from my position, hopeful that we will 

achieve a SCOPUS Q2 ranking this year.  

Over the past five years, we have made significant progress: increasing the number of issues per year from three 

to four, expanding the number of articles per issue from 5 to 20, and raising the total number of published articles 

from 15 per year to 80 in 2024, providing researchers with greater flexibility to have their valuable work published 

sooner. The average waiting time from submission to decision has been drastically reduced, dropping from 28 

weeks to just 2.78 weeks in 2024. We have also broadened the journal’s scope, ensuring a balanced and logical 

distribution of research across various pharmaceutical fields, including but not limited to medicinal chemistry 

and instrumental analysis, pharmacognosy and phytochemistry, pharmaceutics and industrial pharmacy, 

pharmacokinetics and pharmacodynamics, clinical pharmacy and pharmaceutical care, as well as pharmaceutical 

business, including pharmacoeconomics and pharmaceutical marketing. I am grateful for this journey and for the 

opportunity to contribute to the growth and success of JJPS, and I extend my sincere thanks to my colleagues 

and all researchers who have been part of this endeavor. 

Submissions have increased dramatically, rising more than fivefold (e.g., 446 submissions in 2024) with an 

acceptance rate of 28.7% in the same year. Furthermore, we have received a wider diversification of submissions 

from countries including the USA, Canada, Australia, Europe, Iran, India, Pakistan, Bangladesh, Malaysia, 

Indonesia, Vietnam, Singapore, Morocco, Algeria, Tunisia, Egypt, Libya, Saudi Arabia and Gulf countries, 

Yemen, Lebanon, Iraq, Syria, and Jordan, submitted by researchers from both governmental and private 

universities, as well as scientific research institutes. 

As a final note, I would like to express my sincere gratitude to my colleagues—the editorial board members, 

advisory board members, our dedicated editorial secretary, and the team responsible for English language editing 

and production. I wish them all the best, along with JJPS, for even greater achievements in the years to come. 

 

Best regards 

 

 

Prof Ibrahim Alabbadi 

Editor-in-Chief                                                

 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 3, 2025 
 

 xi 

CONTENTS 

Instructions to Authors  iv 

Introduction   ix 

Letter from the Editor  x 

 ORIGINAL ARTICLES  

Asmaa Mohammed Rashid 

Mowafaq M. Ghareeb 

 

In vivo Pharmacokinetic Comparison of Oral and Polymeric 

Nanoparticles Loaded in Transdermal Bilayer Dissolving 

Microneedles for Nimodipine delivery 

 

617 

Phuong T.M. Ha 

Thanh Lich Nguyen 

Ngoc Yen Nguyen 

Nguyen Trong Tuan 

Manh Quan Nguyen 

Tran Thi Bich Quyen 

Duy Toan Pham 

 

Control-Release Polyethylenimine-Modified Fibroin 

Nanoparticles As A Potential Vehicle for the Oral Delivery of 

Quercetin 

 

627 

C.Sowjanya 

Shaik Shakir Basha 

M. Sainath Yadav 

 

AI's Healing Touch: Transforming Healthcare from Diagnosis 

to Recovery 

 

642 

Sapti Puspitarini 

Mohammad Budiyanto 

Muhammad Arif Mahdiannur 

Roihana Waliyyul Mursyidah 

Ertika Fitri Lisnanti 

Fasih Bintang Ilhami 

 

Swietenia mahagoni Leaves Ethanolic Extract: In vitro anti-

Oxidant Activity, Active Compound Identification and in silico 

Prediction as AKT-1 and MDM2 Protein Inhibitor 

660 

Rana Said 

Rana Abutaima 

Basel Arafat 

Yasser I. Kandil 

Lidia K. Al-Halaseh 

Khaldun M. Al Azzam 

Tawfiq Arafat 

 

Cigarette Smoking Influences Montelukast Pharmacokinetics in 

Jordanian Population 

 

672 

Meryana khaddour 

Racha alkhateeb  

Ghaleb tayoub 

 

The Phenolic Content of Syrian styrax officinalis L. Fruits and 

its Antioxidant and Anti-Cholesterol Activities 

682 

Yazid Khaled Khodja 

Mostapha Bachir-bey 

Ali Zernouh 

 

Therapeutic Potential of Traditional Medicinal Plants from the 

Central Algerian Steppe for Treating Common Digestive 

Disorders 

694 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 3, 2025 
 

 xii 

Deema Al-Huwaidi 

Rana K. Abu-Farha 

Rama ALkhawaldeh 

Rajaa Daghash 

Anan Jarab 

Tareq L. Mukattash 

 

The Dispensing of Non-Prescribed Antibiotics to Pediatrics in 

Community Pharmacies: A Simulated Client Study 

 

713 

Nada M. Sonji 

Ghassan M. Sonji 

 

Literature Review of Herbal Remedies Used for Diabetes 

Mellitus: Efficacy, Safety, and Regulatory Considerations 
724 

Abdel Qader Al Bawab 

Walid Al-Qerem 

Anan Jarab 

Judith Eberhardt 

Fawaz Alasmari 

Alaa Hammad 

Safa M. Alkaee 

Zein H. Alsabaa 

 

The Relationship between Diabetic Patients' Health Literacy 

and HBA1c Level in Jordan 

 

748 

Amira Abu-Omar 

Eliza Hasan 

Joana Gil-Chávez 

Tamara Athamneh 

Husam Abazid 

Pavel Gurikov 

Mohammad A. A. Al-Najjar 

 

Effect of Lignin and other Biopolymers on Hyperlipidemia and 

Gut Microbiota 
759 

Eba’a B. Arar 

Mohammad H. Alsaggar 

Mohammad J. Alkhatatbeh 

 

Obesity is Associated with Increased Cardiovascular Risk and 

Increased Prevalence of Insulin Resistance among Apparently 

Healthy Young Adults 

777 

Sindhu K.C 

Atisammodavardhana Kaundinnyayana 

Prabhat Kumar Jha 

Suman Poudel 

Sandesh Poudel 

Ram Kishor Yadav 

Kushal Subedi 

Khem Raj Joshi 

Amar Nagila 

 

Phytochemical Screening and Evaluation of Ameliorating 

Effect of Aleuritopteris bicolor (Roxb.) Fraser-Jenk Leaves 

Extract on Renal and Hepatic Impairment in a Rat Model of 

Gentamicin-Induced Renal Toxicity 

793 

Smita Tukaram Kumbhar 

Shubhangi Birajdar 

Manish Bhatia 

 

Wound healing Potential of Fucoidan Extracted 

Microwavically from Sargassum wightii Possibly Mediated by 

Collagen-1 Expression in Vero Cell Line 

809 

Anas Alshkweiki 

Feras Darwish Elhajji 

Rajaa Alqudah 

Fahmi Y. Al-Ashwal 

Rana Abu Farha 

 

Impact of an Educational Workshop on Improving Pharmacy 

Students’ Knowledge About Helicobacter pylori Infection 
829 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 3, 2025 
 

 xiii 

Tamadur Olaimat 

Farah Al-Mamoori 

Haneen Basheer 

Feras El-hajji 

 

Caraway Seed Extract and Lactation: in vivo study 

 
842 

Khuloud Al Nachar 

Jameela Hasian 

Mhd. Isam Hasan Agha 

 

Effect of Excipients on the Phenolic Content in Pumpkin Leaf 

Extracts after Their Introduction into Semisolid Pharmaceutical 

Forms and Evaluation of In Vitro Stability 

 

853 

Heba Banat 

Kenza Mansoor 

Faisal Al-Akayleh 

Saifeddin Daadoue  

Mayyas Al-Remawi 

 

Extraction, Phytochemical Analysis, and Standardization of 

Oleuropein-Rich Olive Leaf Extracts: A Study Across Diverse 

Jordanian Regions 

862 

Amal Al-Ramahi 

Zainab Zakaraya 

Lina AlTamimi 

Mohammad Hailat 

Mohammed F Hamad 

Wael Abu Dayyih 

Ibrahim Alabbadi 

Yousef AlRaoush 

Laila Al-Omari 

Khaled Abdul-Aziz Ahmed 

Ala A. Alhusban 

 

Impact of Oxidative Stress on Jordanian Children with Autism 

Spectrum Disorder 

 

878 

Gandi Anusha 

A.Krishnamanjari Pawar 
A Comprehensive Novel Stability indicating Method 

Development and Validation for Simultaneous Assessment of 

Abiraterone and Niraparib in Bulk and Pharmaceutical 

Formulation by Ultra Performance Liquid Chromatography 

 

891 

 



mailto:Mowafaq.abd@copharm.uobaghdad.edu.iq
https://doi.org/10.35516/jjps.v18i3.2958














https://doi.org/10.35516/jjps.v17i3.2384




In vivo Pharmacokinetic Comparison…                                              Asmaa Mohammed Rashid,  Mowafaq M. Ghareeb 

- 626 - 

 
 

مقارنة داخل الجسم الحي بين التوصيل الفموي والتوصيل عبرالجلد لجسيمات  النيمودبين البوليمرية النانوية 
 مذابة ثنائية الطبقاتالمحملة بابر دقيقة 

 
   *1موفق محمد غريب، 1اسماء محمدرشيد

 
 .الصيدلانيات ،كلية الصيدلة ، جامعة بغداد ، بغداد ، العراق مسق 1

  

 ملخـص
هو مرض يتطلب علاجا مكثفا بالأدوية والتي تستهدف الدماغ وتقلل من الآثارالجانبية  (SAH) نزيف تحت العنكبوتيةالخلفية: 
 هذه الخصائص لاستخدامها لهذا الغرض  ويفضل أن يكون ذلك باستخدام دواء يومي واحد. يقدم نيموديبينالضارة ، 

: هدفت الدراسة إلى مقارنة معايير الحركية الدوائية لمعلق نيموديبين الفموي مع الإبر الدقيقة الذائبة المحملة الهدف
 افر الحيوي الفموي المنخفض. بجسيمات نانوية بوليمرية عبر الجلد من اجل  زيادة التو 

 0.6±  81.78م تصييغ النيموديبين سابقا على شكل جسيمات نانوية بوليمرية ، تتميز بحجم جسيمات يبلغ ت الطريقة:
ملي فولت. وقد صب هذه الجسيمات النانوية  18.96-، وجهد زيتا يبلغ 0.01±  0.046نانومتر، ومؤشر تعدد تشتت يبلغ 

% 10مذابة ثنائية الطبقات  باستخدام تقنية الصب، باستخدام بوليمر البولي فينيل الكحول  بنسبة في رقعات إبر دقيقة 
غرامًا،  175±  1500% جلسرين .وُزّع اثني عشر أرنبًا أبيض ، ذكرًا من نوع ألبينو، يزن كل منها حوالي 5وزن/حجم و

جرعة فموية من معلق النيموديبين عن طريق التغذية عشوائيًا على مجموعتين من ستة حيوانات. تلقت إحدى المجموعتين 
الأنبوبية، بينما أعُطيت المجموعة الأخرى رقعات إبر دقيقة مذابة ثنائية الطبقات  عبر الجلد، محملة بجسيمات نيموديبين 

 لطور العكسيتم تحديد تركيز نيموديبين في البلازما باستخدام كروماتوغرافيا السائل عالية الأداء في االنانوية . 
 (RP-HPLC            .بعد إنشاء منحنى معايرة مدبب مع عينات البلازما ذات المعيار الداخلي للسيلينيديبن ،) 

 نانوغرام/مل، maxC=  42.54±   3.4 : أظهرت النتائج أن الوقت والتركيز اللازمين لتحقيق أقصى تأثير كاناالنتائج

 maxT=1±   0.2 للإعطاء الفموي، و  ساعة maxC=  64.66±   2.9  ،نانوغرام/مل  maxT=0.5±   0.1 للإعطاء  ساعة
الابر الدقيقة المذابة ثنائية الطبقة والمحملة  عن طريق الجلدعلى التوالي.  لقد أظهر تحليل الحركية الدوائية أن تركيبة

 .النيمودبين الفموي  مرة مقارنةً بمعلق 1،9نسبي بمقدار بالجسيمات النانوية عبر الجلد شهدت زيادة في التوافر الحيوي ال
أن تقنية  الابر الدقيقة المذابة ثنائية الطبقة والمحملة بالجسيمات  : يمكن أن يوفر التوصيل عبر الجلد باستخدامالخلاصة

 النانوية طريقة واعدة وأكثر فعالية لتوصيل الدواء.

 .الحيوي النزف تحت العنكبوتية، عبر الجلد، الطبقة المتقرنة ، ثنائي الطبقة ، التوافر  الكلمات الدالة:
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Figure6.Chord diagram showing the efficacy of the most frequently cited plants in treating digestive disorders 

in the central Algerian steppe. The values put in parenthesis for each plant represent the percentages of cited effects as 

satisfactory (Red), good (Bleu), and excellent (Green). The global citation percentages of the plants used are placed in 

parentheses next to each effect. 

 

For the treatment of colopathy, the most frequently 

cited plants with excellent effects were Cuminum cyminum 

(53%), Salvia officinalis (56%), and Trigonella foenum-

graecum (55%). These plants were noted for their high 

efficacy, indicating that they were particularly effective in 

managing colopathy symptoms. On the other hand, 

Pimpinella anisum (63%) was primarily cited for its good 

effects, suggesting it was effective but not as potent as the 

others. Foeniculum vulgare shows a balanced efficacy, 

being equally cited for both good (49%) and excellent 

(47%) effects. Overall, the plants used for colopathy 

generally exhibit low frequencies of satisfactory effects, 

highlighting their strong therapeutic potential. 

In treating gastric ulcers, Teucrium polium (57%) 

stands out with a high frequency of excellent effects, 

making it a key plant in traditional treatments. Juniperus 
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phoenicea also shows substantial effectiveness with a 

significant number of good (60%) effect. Punica granatum 

(54%) and Olea europaea (51%) were frequently cited for 

their excellent effects, indicating their role in traditional 

medicine for gastric ulcers. Aloe vera was less frequently 

cited for excellent effect but still plays a role in treatment. 

Generally, the plants used for gastric ulcers show high 

efficacy, with low frequencies of satisfactory effects. 

For acute diarrhea, Artemisia campestris (54%) and 

Cinnamomum verum (49%) were frequently cited for their 

excellent effects, making them prominent in traditional 

treatments. Zingiber officinale and Rosmarinus 

tournefortii show moderate efficacy, with a balance of 

good and excellent ratings. Juniperus phoenicea was cited 

less frequently for excellent effects but still contributes to 

the treatment. The overall low frequency of satisfactory 

effects among these plants suggests their strong efficacy in 

managing acute diarrhea. 

In the treatment of chronic constipation, Senna 

alexandrina was effective, with a significant number of 

good ratings (57%). Aucklandiacostus and Ricinus 

communis show considerable efficacy with excellent and 

good effects, with 46 and 50%, respectively. Rheum 

palmatum and Foeniculum vulgare exhibit a balanced 

efficacy, being cited for both good and excellent effects. 

The plants used for chronic constipation generally exhibit 

low frequencies of satisfactory effects, indicating their 

effectiveness in alleviating this condition. 

The data highlights the significant role of various 

plants in traditional medicine for treating digestive 

disorders in the central Algerian steppe. Plants such as 

Cuminum cyminum, Teucrium polium, Artemisia 

campestris, and Senna alexandrina were particularly 

notable for their high efficacy across different digestive 

conditions. The low frequency of satisfactory effects 

among these plants indicates their strong therapeutic 

potential, emphasizing their value in traditional medicine. 

The data illustrates that 49% of the citations reflect 

"good" effects, 36% indicate "excellent" effects, and 15% 

represent "satisfactory" effects. This distribution suggests 

that the majority of the cited plants exhibit substantial 

efficacy, with most evaluations falling between the "good" 

and "excellent" categories. These results highlight the 

strong reliance of the local population on traditional 

medicinal plants and the perceived effectiveness of these 

plants in the study region. 

 

4. CONCLUSIONS 

Our results reveal the richness of medicinal plant 

species in the central Algerian steppe for the traditional 

treatment of digestive disorders, highlighting the extensive 

traditional knowledge embedded in local practices. The 

socio-demographic analysis shows a predominance of 

middle-aged male practitioners with varying levels of 

education and professional experience, indicating 

widespread interest in phytotherapy across different social 

strata. The inventory of medicinal plants showcases a 

diverse range of species from multiple families, each 

valued for their therapeutic properties in treating 

conditions such as colopathy, gastric ulcers, acute 

diarrhea, and chronic constipation. Notably, plants like 

Cuminum cyminum, Teucrium polium, Artemisia 

campestris, and Senna alexandrina demonstrate high 

efficacy, underscoring their importance in traditional 

medicine. The frequent use of single plants for multiple 

disorders reflects the interconnected nature of these 

conditions and the broad medicinal properties of these 

plants. This study not only preserves valuable traditional 

practices but also suggests potential avenues for 

pharmacological research into natural remedies for 

digestive health. Further pharmacological studies should 

isolate and analyze active compounds in frequently cited 

plants to validate their efficacy and safety, while 

promoting conservation and sustainable use to preserve 

traditional knowledge and prevent resource depletion. The 

catalog of active plants could encourage specialized 

studies, potentially leading to the discovery of new 

products for modern therapeutics. 
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الهضمية الإمكانات العلاجية للنباتات الطبية التقليدية في منطقة السهوب الوسطى الجزائرية لعلاج الإضطرابات 
 الشائعة

 
  1، علي زرنوح 2، مصطفى بشيرباي*1يزيد خالد خوجة

 
 ، الجزائر.17000مخبر استكشاف وتثمين النظم الإيكولوجية السهبية، كلية علوم الطبيعة والحياة، جامعة الجلفة، الجلفة 1

 الطبيعة والحياة، بجاية، الجزائر.جامعة بجاية، مخبر الكيمياء الحيوية التطبيقية، قسم علوم الأغذية، كلية علوم 2
  

 ملخـص
في منطقة السهوب الوسطى الجزائرية، تُعد اضطرابات الجهاز الهضمي من الأمراض الشائعة التي يعالجها غالبية السكان 
باستخدام النباتات الطبية. تهدف هذه الدراسة إلى تقييم الإمكانات العلاجية للنباتات الطبية المستخدمة في علاج أربعة 

القرحة المعدية، الإسهال الحاد والإمساك المزمن. ولتحقيق هذا الهدف، أُجري مسحٌ  اضطرابات شائعة، وهي: التهاب القولون،
ممارسًا في مجال النباتات الطبية. تضمن الاستبيان قسمين: معلومات اجتماعية  75ميداني باستخدام استبيان، شمل 

تم جمع البيانات من خلال استمارات المسح وديموغرافية عن المشاركين، وبيانات تفصيلية حول النباتات الطبية المُستخدمة. 
الميداني، مع تصنيف المشاركين حسب الجنس، العمر، المستوى التعليمي والخبرة المهنية. كما جُمعت معلومات نباتية دقيقة 

ت الجهاز عن الأنواع المستعملة وتم تحليلها بعناية. وقد تم جرد وتقييم تنوع النباتات الطبية المستخدمة في علاج اضطرابا
عائلة نباتية، مع هيمنة واضحة  32نوعاً نباتياً ينتمون إلى  57الهضمي باستخدام أدوات إحصائية دقيقة. كشفت الدراسة عن 

بسبعة أنواع. وكانت طريقة التحضير الأكثر شيوعاً   (Asteraceae)بتسعة أنواع، والنجمية  (Lamiaceae)لعائلتي الشفوية
تؤكد هذه النتائج الدور الهام للنباتات الطبية في العلاج التقليدي لاضطرابات الجهاز  %(.38لغلي )(، تليها ا%44هي النقيع )

الهضمي في هذه المنطقة، كما توفر قاعدة علمية للبحوث المستقبلية حول الخصائص البيولوجية لهذه الأنواع. وقد حددت 
لاج حالات مثل التهاب القولون، القرحة المعدية، الإسهال الحاد الدراسة مجموعة متنوعة من النباتات الطبية المستخدمة في ع

، (Teucrium polium)الجعدة ، Cuminum cyminum)الكمون ) والإمساك المزمن، مع الإشارة إلى فعالية أنواع بارزة مثل
العالية. كما لوحظ استخدام نظرًا لفعاليتها  (Senna alexandrina)السنا ، و(Artemisia campestris)الشيح الصحراوي 

ثمانية أنواع نباتية لعلاج اضطرابات متعددة، مما يعكس الترابط بين هذه الحالات المرضية والتنوع الواسع في الخصائص 
ة في وتُبرز هذه الدراسة الثروة المعرفية التقليدية الواسعة والتنوع الغني للنباتات الطبية المستخدم .العلاجية للنباتات المستخدمة

منطقة السهوب الوسطى الجزائرية لعلاج الاضطرابات الهضمية. كما تُسلط الضوء على أهمية هذه النباتات وتُشير إلى 
 مجالات واعدة لأبحاث دوائية مستقبلية تهدف إلى التحقق من فعاليتها وسلامتها.

 .الإمكانات العلاجية، الاضطرابات الهضمية، النباتات الطبية، السهوب الوسطى الجزائرية، الطب التقليدي الكلمات الدالة:
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ABSTRACT 
Objective: This study aims to explore the practice of dispensing non-prescribe antibiotics to pediatrics in the 

community pharmacies in Jordan. 

Method: This study was a cross-sectional study, performed between August 2021 and March 2022. Five different 

clinical case scenarios were simulated including pharyngitis, bronchitis, otitis media, gastroenteritis, and urinary 

tract infection (UTI). Three levels of demand were used to conceive the pharmacy staff to sell antibiotics.  

Results: A total of 207 community pharmacies in Jordan were visited. The majority of pharmacies (n= 163, 78.7%) 

dispensed antibiotics without a prescription using three levels of demands. Most of the antibiotics dispensed for 

the pharyngitis case scenarios (95.3%), followed by UTI (89.2%). Among the pharmacists who dispensed 

antibiotics, 92.0% explained how to take the antibiotic, 41.1% provide the duration of treatment for the dispensed 

antibiotic, and 27.0% inquired about any type of drug allergy. On the other hand, only 21.3% (n= 44/207) of the 

pharmacy staff had refused to dispense any type of antibiotics, of those (n= 17/44, 38.6%) recommended 

consulting a physician, in which health issues were the only reason behind that refusal. 

Conclusions: The results of the current study strongly demonstrate that dispensing of non-prescribed antibiotic in 

pediatric patients is prevalent in Jordan despite the current legislations. The ease of access and the inappropriate 

overuse of antibiotics confirms the need for stringent enforcement of the existing laws and the establishment of a 

new regulation regarding the dispensing of antibiotics without a valid prescription in the near future. 

Keywords: Antibiotics; non-prescription; simulated client; pharmacists; Jordan. 

 

1. INTRODUCTION 

Antibiotics are potent medications designed to either kill 

bacteria or inhibit their growth [1]. They are among the most 

frequently prescribed medications in pediatric care and can 

significantly improve health outcomes in children when the 

bacteria are susceptible to the administered agent.[2]. 

Inappropriate use of these agents has led to the emergence 

of bacterial resistance, which is considered a challenging 

global health problem in recent years [3].Various studies 

have linked antibiotic misuse with negative outcomes that 

can be detrimental to the child, including atopic disease, 

obesity, irritable bowel syndrome, and a decrease in gut 

microbiota [4]. Antibiotic resistance is expected to cause 

more than ten million deaths per year by 2050 [5]. 

Therefore, immediate interventions must be developed and 

implemented to protect the child from the risk associated 

with improper antibacterial usage [6]. 

Dispensing antibiotics without a medical prescription 

mailto:tlmukattash@just.edu.jo
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(self-medication) in community pharmacies increases the 

inappropriate use of antibiotics, particularly in pediatric 

diseases since the majority of infections are caused by 

viruses that preclude the need for antibiotics except in 

some cases [7]. Despite legislation to the contrary, high 

rates of non-prescribed antibiotics have been observed in 

Jordan [8]. Several reasons can push this behavior, 

including a lack of awareness about laws and their 

prohibition, patient requests with insistence, and the fear 

of losing customers [7, 9]. 

Several studies have been performed to assess the 

practice of dispensing antibiotics without prescription 

among different populations [10-12]. Some studies were 

primarily concerned with the patient’s perceptions, while 

others examined the practice from the perspective of the 

healthcare practitioner, whether in a hospital or a 

community pharmacy [13]. 

Previous studies conducted in Jordan found that 

antibiotics are still being dispensed as self-medication 

despite national legislation prohibiting this practice [14, 

15] . There is limited evidence regarding the self-

medication of antibiotics in the pediatric population in 

Jordan. Therefore, this study aims to evaluate the practice 

of dispensing non-prescribed antibiotics to pediatrics in 

community pharmacies in Jordan. 

 

2.  METHODS 

2.1 Study design and sampling method 

This was a cross-sectional simulated client’s study that 

was conducted at different community pharmacies in 

different cities in Jordan, including Irbid, Amman, and Al-

Mafraq, between August 2021 and March 2022. Each 

pharmacy was visited once by a single hidden investigator 

who pretended to have a relative pediatric patient with 

predetermined clinical case scenarios and pre-defined 

information. There were five predefined clinical case 

scenarios, but each pharmacy staff member encountered 

only one of these scenarios. Additional details were 

provided only in response to requests from pharmacy staff 

and were considered supplementary information. To be 

included in the study, pharmacy staff members 

(pharmacists or pharmacist assistants) had to be registered 

with the Jordanian Pharmacists Association (JPA). 

Pharmacists were selected using a convenience sampling 

method. Any staff member known to the investigator was 

excluded to enhance internal validity and avoid potential 

bias. Consequently, eight pharmacies were removed from 

the study: five in Irbid and three in Amman. 

2.2 Clinical scenarios 

Five different clinical case scenarios were chosen to be 

simulated in community pharmacies. These include 

pharyngitis (sore throat), bronchitis, otitis media, 

gastroenteritis, and urinary tract infections (UTI). Each 

scenario was assigned a number to facilitate dealing with the 

data: pharyngitis was assigned number one, bronchitis 

number two, otitis media number three, gastroenteritis 

number four, and urinary tract infection number five. Then 

these scenarios were distributed almost equally among 

pharmacies in the study sample. The pharyngitis (sore 

throat) scenario involved a 7-year-old girl suffering from a 

sore throat, pain while swallowing, and a fever for the 

previous 24 hours. While the bronchitis scenario included a 

5-year-old boy suffering from a nonproductive cough and 

fever for the previous 24 hours. The otitis media scenario 

was for a 5-year-old boy suffering from ear pain and poor 

sleep for the previous 24 hours. The fourth scenario was 

gastroenteritis for a 12-month-old girl suffering from 

diarrhea and fever for the previous 24 hours. Finally, the 

UTI scenario was for a 7-year-old girl suffering from 

urgency, frequency, and dysuria for the previous 24 hours. 

2.3 Levels of demand 

To acquire antibiotics, the investigator followed three 

levels of demand. Level one of demand is where the 

investigator simulates the case scenario by asking for 

something to relieve the symptoms of the current disease. 

Level two of demand: when no antibiotic was given by the 

pharmacy staff, the investigator asked for a stronger 

medication. Level three of demand is a direct request for 
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antibiotics if the first two levels of demand fail. After 

leaving the pharmacy, the simulated patient filled out a 

standardized data collection form with prepared questions 

regarding the pharmacy. Following that, the antibiotic 

recommended by the pharmacist or pharmacist assistant 

was purchased and donated to the healthcare facility in 

collaboration with the Jordan University of Science and 

Technology (JUST). Medications other than antibiotics 

were not purchased due to fund limitations. 

The data collection form was developed from 

previously published study that examined comparable 

research aims and objectives [14]. The data collection form 

contains three different parts. The first part consisted of the 

general information about the pharmacy staff and the 

pharmacy, including the gender, specialty, working shift, 

pharmacy area, pharmacy type, and its location. The 

second part included the clinical scenario's number and the 

decision of the pharmacy staff to administer antibiotics or 

not. The third part contains specific details about the 

predicted clinical case discussion between the pharmacy 

staff and the researcher. This part was further split into two 

sections, where the investigator might reroute the 

discussion and ultimately lead to one of two possible 

conclusions depending on the response. If the pharmacy 

staff dispensed an antibiotic, the investigator stated the 

level of demand (one, two, or three), the type of antibiotic 

given, if the pharmacy staff provided patient counseling, 

determined the duration of the treatment, inquired about 

the potential risk of drug allergies and other symptoms, the 

use of other medications at the same time, and whether the 

pharmacy staff recommended referral to a doctor. 

The second section of the questionnaire contains 

information about the reason for the antibiotic dispensing 

refusal. The response of the pharmacy staff was graded as 

"administrative issues, health issues, or both." The 

investigator documented what kind of medicine was given 

instead of the antibiotic and if there was any advice to 

consult a doctor. Health issues were used for any reason 

concerning the health of the child; antibiotics cannot be 

administered for viral infections, and improper use of 

antibiotics can lead to the emergence of bacterial resistance. 

However, an administrative issue would only arise if the 

pharmacy staff refused to sell antibiotics because it was 

against the regulation or law (e.g., antibiotics can’t be sold 

as OTC medications without a prescription). 

The simulated investigators received extensive training 

from a senior clinical pharmacist to persuade the pharmacy 

staff that the clinical case described by the investigators 

was real. Before conducting the study, the investigators 

visited several community pharmacies that were excluded 

from the study. It aims to let the investigator be more 

flexible with data collection. To reduce the "Hawthorn 

effect," all visited pharmacies were not informed about the 

client method until the end of the visit. In all scenarios, the 

simulated clients pretended to be the child's older sister.  

2.4 Ethical Approval 

The present study received ethical approval from the 

Institutional Review Board (IRB) at the Jordan University 

of Science and Technology (JUST) (Reference number: 

16/141/2021). The research protocol was also approved by 

the Jordanian Pharmacists Association. Deception and 

incomplete disclosure to study subjects (pharmacy staff) 

were considered ethically acceptable because this was a 

minimal-risk study, and it could not have been performed 

with complete disclosure of the investigator entity. All the 

collected information was kept anonymous. 

2.5 Sample Size Determination 

The sample size for this study was determined to 

ensure comparability with a previous study conducted in 

Jordan that had similar objectives but focused on adults 

[14]. Given that the earlier study recruited 202 

participants, we aimed to recruit more than 200 

participants in this study to maintain consistency and 

enhance the robustness of the findings. 

2.6 Statistical Analysis 

All the collected data were coded, entered, and analyzed 

using the Statistical Package for Social Sciences (SPSS) 

version 28.0. The descriptive analysis was conducted using 
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mean and standard deviation (SD) for continuous variables, 

while frequency and percentages were used for categorical 

variables. To evaluate the associations between categorical 

variables, a Pearson Chi-square test and a Fischer exact test 

were performed. An alpha level of 0.05 was used for all 

statistical tests and considered statistically significant. All 

tests were two-tailed. 

 

3. RESULTS  

3.1 Socio-Demographic Characteristics  

A total of 207 pharmacies were visited from 3 different 

cities in Jordan; of those (n=97, 46.9%) were in Irbid, (n=87, 

42%) were in Amman, and (n=23, 11.1%) were in Al-Mafraq. 

Five simulated-case scenarios were equally distributed 

among the pharmacies included in the study. In summary, 

pharmacists occupied 189 (91.3%) of the visited pharmacies, 

while pharmacist assistants occupied only 18 (8.7%). Among 

those recruited, 59.9% (n = 124) were females. Moreover, 

most of the visited pharmacies were independent (n = 170, 

82.1%) and located on the main road (n = 141, 68.1%). For 

more details about the demographics, refer to Table 1. 

 
Table 1. Socio-demographic characteristics 

Variable Frequency 

Gender  

o Female  

o Male  

 

124 (59.9) 

83 (40.1) 

Specialty  

o Pharmacist  

o Pharmacist assistant 

 

189 (91.3) 

18 (8.7) 

Working shift  

o Shift A 

o Shift B 

 

108 (52.2) 

99 (47.8) 

Area of the pharmacy  

o Irbid  

o Amman 

o Al-Mafraq 

 

97 (46.9) 

87 (42.0) 

23 (11.1) 

Pharmacy location 

o Main road 

o Subside street  

 

141 (68.1) 

66 (31.9) 

Pharmacy type  

o Independent pharmacy 

o Chain pharmacy 

 

170 (82.1) 

37 (17.9) 

 

3.2 Antibiotic Dispensing Practice 

Antibiotics were dispensed without a medical 

prescription in 163 pharmacies (78.7%) with different 

levels of demand. Simulated cases of pharyngitis 

accounted for the highest percentage of antibiotic 

dispensing without a medical prescription (n=41, 95.3%), 

followed by UTI (n= 33, 89.2%), otitis media (n=36, 

87.8%), gastroenteritis (n=32,74.4%), while the lowest 

percentage of antibiotic sales was for the bronchitis case 

scenario (n=21, 48.8%). The percentage of pharmacies that 

dispensed antibiotics without a prescription with different 

levels of demand for the simulated scenarios is 

summarized in Table 2. 
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Table 2. Dispensed non-prescribed antibiotics stratified by the level of demand (n= 207) 

Level of Demand 
Pharyngitis 

n=43 

Bronchitis 

n=43 

Otitis media 

n=41 

Gastroenteritis 

n=43 

UTI 

n=37 

Total 

n=207 
P-value# 

Level One 39 (95.1) 9 (42.9) 24 (66.7) 27(84.4) 31 (93.9) 130 (79.8)  

 

<0.001* 

Level Two  2 (4.9) 6 (28.6) 8 (22.2) 4 (12.5) 1 (3) 21 (12.9) 

Level Three 0 (0) 6 (28.6) 4 (11.1) 1 (3.1) 1 (3) 12 (7.4) 

Total  41 (95.3) 21 (48.8) 36 (87.8) 32 (74.4) 33 (89.2) 163 (78.7) 

UTI: Urinary tract infection, #using Fischer Exact test. * Significant at 0.05 significance level. 

 

Regarding the acquisition of antibiotics based on 

demand level, of all the pharmacies visited, the majority of 

antibiotics were dispensed directly after the clinical scenario 

(demand level one) (n=130, 79.8%); this was followed by 

level two of demand (n=21,12.9%) and finally level three of 

demand (n=12, 7.4%). as depicted in Table 2. 

3.3 Pharmacy staff counseling following antibiotics 

dispensing 

Most pharmacy staff in all clinical scenarios who 

dispensed antibiotics explained to the simulated patient 

how to take the antibiotic (n=150, 92%); pharmacy staff 

explained how to use antibiotics in relation to UTI (n= 33, 

100%), bronchitis (n= 20, 95.2%), gastroenteritis (n= 29, 

90.6%), pharyngitis (n= 37, 90.2%), and otitis media (n= 

31, 86.1.%). The duration of treatment was specified by 

(n= 67, 41.1%) of the pharmacy staff for all clinical 

scenarios as the following: UTI (n= 19, 57.6%), bronchitis 

(n= 10, 47.6%), pharyngitis (n= 16, 39.0%), otitis media 

(n= 14, 38.9%), and gastroenteritis (n= 8, 25.0%). 

Similarly, the majority of pharmacy professionals (n= 

98, 60.1%) asked whether the child had symptoms other 

than those presented in the case simulation. Pharyngitis 

(n=23, 56.1%), bronchitis (n=13, 61.9%), otitis media 

(n=22, 61.1%), gastroenteritis (n=19, 59.4%), and UTI 

(n=21, 63.6%) all showed almost a similar rate. 

Conversely, the majority of pharmacy staff who dispensed 

antibiotics didn’t inquire about the concomitant use of 

other drugs in the simulated case scenarios. Only a few 

numbers (n = 5, 3.1%) had asked about the other drug used 

by the child, and only 7 pharmacy staff (4.3%) 

recommended physical consultation for the simulated case 

scenario. More details are presented in Table 3. 

 

Table 3. Pharmacists counseling following antibiotics dispensing (n= 163) 

Simulated 

clinical scenario 

Explain how 

to take the 

antibiotic 

Give the 

duration of 

treatment 

Asked 

about drug 

allergy 

Asked about 

other 

symptoms 

Asked about 

concomitant use 

of other drugs 

Recommended 

consulting a 

physician 

Pharyngitis 

n=41 

37 (90.2) 16 (39.0) 16 (39.0) 23 (56.1) 2 (4.9) 0 (0) 

Bronchitis n=21 20 (95.2) 10 (47.6) 6 (28.6) 13 (61.9) 0 (0) 0(0) 

Otitis media 

n=36 

31 (86.1) 14 (38.9) 11(30.6) 22 (61.1) 1 (2.8) 3(8.3) 

Gastroenteritis 

n=32 

29 (90.6) 8 (25.0) 2 (6.3) 19 (59.4) 2 (6.3) 1 (3.1) 

UTI 

n=33 

33 (100.0) 19 (57.6) 9 (27.3) 21 (63.6) 0 (0) 3 (9.1) 

UTI: urinary tract infection. Percentages were calculated per case scenario type (per row). 
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3.4 The dispensed Antibiotics  

The most frequently dispensed antibiotic group differs 

based on the simulated case scenario. Penicillin and 

penicillinase inhibitors were the most frequently dispensed 

antibiotics for pharyngitis (n= 18, 43.9%), and otitis media 

in simulation (n= 16, 44.4%). Antiprotozoal and macrolide 

drugs were commonly used to treat gastroenteritis (n= 23, 

71.9%) and bronchitis (n= 9, 42.9%). However, the most 

frequently dispensed antibiotic in the UTI scenarios was 

third-generation cephalosporin (n= 16, 48.5%). 

3.5 Antibiotic dispensing refusal 

Only 21.3% of pharmacy staff (n= 44) refused to 

dispense any type of antibiotic despite using three levels of 

demand. Regarding each clinical scenario, the majority of 

refusal responses came from bronchitis cases (n=22, 

51.2%), whereas the lowest refusal response was 

associated with the pharyngitis case scenario (n=2, 4.7%). 

Accordingly, the pharmacy staff who refused to dispense 

antibiotics offered the main reason for the refusal, which 

was exclusively (n=44, 100%) related to their concern 

regarding health issues that the pediatric patient could 

experience.  

3.6 Physician consultation to visit a physician 

Among the pharmacy staff who refused to dispense 

antibiotics, 17 (38.6%) recommended the simulator to visit 

the physician. For the pharyngitis cases, only one 

pharmacy staff refused to dispense antibiotics and 

recommended consulting a physician. While most cases of 

UTI (n = 3, 75%) and gastroenteritis (n = 8, 72.7%) in the 

refusal group recommended that the simulator visit the 

physician. More details are presented in Table 5. 

 

Table 5. Physician consultation to visit a physician (n= 44) 

 
Pharyngitis 

n=2 

Bronchitis 

n=22 

Otitis 

media 

n=5 

Gastroenteritis 

n=11 

UTI 

n=4 

Total 

n=44 

Physician Consultation to visit a 

physician 
1 (50.0%) 2 (9.1%) 3 (60.0%) 8 (72.7%) 

3 

(75.0%) 

17 

(38.6%) 

 

4. DISCUSSION 

The results of our study revealed that antibiotics could 

be easily acquired and dispensed in Jordan without a 

medical prescription. Approximately 78.7% of the 

community pharmacies dispensed antibiotics without a 

prescription using the different simulated case scenarios, 

despite the fact that the law prohibits this practice. 

Furthermore, most of the simulated medical conditions 

in this study were caused by viral infections, and our 

results showed that most pharmacy staff were more likely 

to dispense antibiotics inappropriately and were unable to 

differentiate between bacterial and viral infections. The 

use of antibiotics for nonbacterial or viral pathogens will 

encourage the emergence of antibiotic resistance, which is 

one of the most serious consequences of this practice [16]. 

This finding is similar to that of a study done in Sana'a, the 

capital of Yemen, in which 73.3% of the community 

pharmacies dispensed antibiotics as over-the-counter 

medications [17, 18]. Moreover, our finding is comparable 

to that of another study done in Sri Lanka, which reported 

a high rate of selling antibiotics without a prescription 

(61%)[17]. 

According to the current study, the most antibiotics 

were dispensed in the pharyngitis clinical scenario 

(95.3%), followed by UTI (89.2%) and otitis media 

(87.8%). These findings are similar to those of a study 

conducted in Ethiopia, which also showed that antibiotics 

were primarily dispensed for pharyngitis and UTIs[19]. 

Additionally, the findings of a previous study conducted in 

Jordan, which assessed the percentage of pharmacies 
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dispensing antibiotics without a medical prescription, 

revealed comparable results. In that study, antibiotics were 

dispensed in 97.6% of simulated cases of pharyngitis and 

83% of urinary tract infections (UTIs). This further 

highlights the prevalent practice of dispensing antibiotics 

without proper oversight for these conditions. [14]. 

In our study, antibiotics were administered without a 

prescription at three different levels of demand. Most 

antibiotics (87.2%) were dispensed without a prescription 

when the simulator asked for any medication to alleviate 

her symptoms (first level of demands). Besides, our 

finding is also comparable with the finding of the study 

done in Pakistan by Ahmad et al., where 80.3% of 

antibiotics were dispensed without a prescription when the 

simulator asked for anything to relieve their symptoms 

(level one of demand) followed by levels 2 and 3, 

respectively [20]. 

In previous similar studies, the actor simulated the 

disease [20, 21]. While in our study, the actor simulated a 

sick sister whom the pharmacy staff did not actually meet. 

This fact alone should have stopped pharmacy staff from 

dispensing antibiotics without a prescription, but instead, 

we got offers of antibiotics at the same rate as the "sick 

actor simulation." 

In our study, the majority of pharmacy staff (92%) 

explained to the simulated patient how to take the 

dispensed antibiotic. On the other hand, the duration of 

treatment was explained to the simulated patient in only 

41.1% of the cases. A study done in Lebanon showed that 

47.5% of pharmacists told the parent of the child the 

duration of the treatment. After presenting the 

predetermined clinical case scenarios, more than half of 

the pharmacists (60.1%) asked if the child had any other 

symptoms [22]. 

In addition, only a small percentage of pharmacy staff 

(3.1% and 27%, respectively) asked about the concurrent 

use of other medications or other drug allergies to reduce 

the risk of side effects. Allergy to antibiotics is an 

important aspect of childhood since the majority of 

children never undergo antibiotic allergy testing. 

Epidemiological studies have found that a penicillin 

allergy, particularly to amoxicillin, is prevalent in children 

[23]. In our study, penicillin was one of the most 

commonly dispensed antibiotic groups by community 

pharmacy staff. 

Failure of the pharmacy staff to inquire about the 

concomitant use of other medications poses a significant 

risk. Antibiotics may interact with many medications if 

taken simultaneously. Therefore, the use of antibiotics in 

conjunction with other medications might result in 

significant drug-drug interactions that can either potentiate 

their effect or enhance their toxicity [24]. The results of 

our study did not match those of a study done in Ethiopia, 

where none of the pharmacists asked about allergy history 

or supplied information about possible drug interactions 

that could result in a high risk [19]. 

Amoxicillin/clavulanate was the most commonly 

prescribed antibiotic for presumed cases of otitis media 

and pharyngitis (44.4% and 43.9%, respectively). 

Likewise, in a study conducted in Saudi Arabia, 

penicillin/penicillinase inhibitor (amoxicillin/clavulanate) 

was the most dispensed antibiotic for pharyngitis and otitis 

media case simulation [24]. In the current study, 

macrolides (42.9%) were the most frequently dispensed 

antibiotic group in the bronchitis case simulation, while in 

China, cephalosporins (53.7%) were the most frequently 

dispensed antibiotics for the cough case simulation [25]. 

Antiprotozoals were dispensed in the majority of 

gastroenteritis case simulations (71.9%), whereas in India, 

antiprotozoals and fluoroquinolones were the most 

commonly dispensed antibiotics for acute gastroenteritis in 

children [26]. 

Our study showed that 21.3% (n = 44) of the pharmacy 

staff refused to dispense any type of antibiotic despite 

using the three levels of demand. The refusal to provide 

antibiotics for the simulated case scenarios was solely 

motivated by health concerns. The recommendation to 

consult a physician was not always followed; only 38.6% 
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(n = 17/44) of the pharmacy staff who refused to dispense 

antibiotics advised the simulated patient to see a doctor. 

Comparable results had been obtained from a study 

conducted in northeastern China, where the rationale 

behind refusing the dispensing of antibiotics without a 

valid prescription was solely related to health issues (Shi 

et al.). A study conducted in Italy discovered that 15.4% 

of pharmacists dispensed non-prescribed antibiotics 

because many patients couldn't afford a doctor's visit [27].  

Antibiotic resistance has been reported in Jordan for 

most antibiotic classes, including penicillins, 

cephalosporins, monobactams, tetracyclines, 

aminoglycosides, fluoroquinolones, and sulfonamides 

[28]. Bacterial resistance has prompted governments and 

health regulatory agencies around the world to restrict 

antibiotic dispensing in community and hospital 

pharmacies [29]. In Jordan, non-prescription antibiotics 

are illegal, but regulatory agencies don't enforce the law 

[30]. Unfortunately, there are no national rules regulating 

the inappropriate use and distribution of antibiotics, which 

contributes to antibiotic resistance [30]. 

This study had several limitations. First, the small 

sample size may affect the generalizability of the findings. 

Additionally, the methodology involved applying three 

levels of demand until an antibiotic was dispensed, which 

resulted in the simulators receiving antibiotics despite the 

pharmacy professional's denial. This approach was 

intended to illustrate the impact of persistence in obtaining 

an antibiotic when it was not clearly necessary. However, 

this design choice could lead to biased results and does not 

accurately reflect real-world scenarios, potentially 

resulting in an overestimation of how frequently 

individuals might obtain antibiotics from dispensers. 

However, our study was directed mostly at pharmacies in 

three cities in Jordan, and one of these cities involved only 

a small number of pharmacies. Focusing on the north and 

the middle cities of Jordan may enhance the bias and not 

reflect the practice in other areas or countries, thus our 

findings may not necessarily be generalized to the entire 

country. 

Despite this, we believe that the methodology of this 

study, using the simulation of clinical cases, is closer to the 

real-life scenario than methods employed in other studies, 

such as questionnaires, which are susceptible to 

misleading responses. In addition, our findings are robust 

and provide direction for the future. 

 

5. CONCLUSION 

The results of the current study strongly demonstrate 

that the dispensing of non-prescribed antibiotics to 

pediatric patients is prevalent in Jordan despite the current 

legislation. Accordingly, applicable interventions must be 

established and applied to protect the child from the impact 

associated with inappropriate antibacterial usage. 

Interventions should include the enforcement of the policy 

to prevent the over-the-counter sale of antibiotics. 
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المجتمعية: دراسة باستخدام العميل صرف المضادات الحيوية بدون وصفة طبية للأطفال في الصيدليات 
 المتخفي

 
 ¹، طارق مقطش*3، ¹ان جرابعن، ²، رجاء دغش2، راما الخوالدة²، رنا أبو فرحة¹ديما الهويدي

 
 قسم الصيدلة السريرية، كلية الصيدلة، جامعة العلوم والتكنولوجيا الأردنية، إربد، الأردن1
 الصيدلة، جامعة العلوم التطبيقية الخاصة، عمّان، الأردنقسم الصيدلة السريرية والمداواة، كلية 2
 كلية الصيدلة، جامعة العين، أبو ظبي، الإمارات العربية المتحدة3

  

 ملخـص
تهدف هذه الدراسة إلى استكشاف ممارسة صرف المضادات الحيوية بدون وصفة طبية للأطفال في الصيدليات  :الهدف

 .المجتمعية في الأردن

. تم تمثيل خمس حالات سريرية 2022ومارس  2021كانت هذه الدراسة دراسة مقطعية أُجريت بين أغسطس  :المنهجية
مختلفة شملت: التهاب البلعوم، التهاب الشعب الهوائية، التهاب الأذن الوسطى، التهاب المعدة والأمعاء، وعدوى المسالك 

 .الصيدلية ببيع المضادات الحيويةالبولية. تم استخدام ثلاث مستويات من الطلب لإقناع موظفي 

٪( 78.7، 163صيدلية مجتمعية في الأردن. صرفت الغالبية العظمى من الصيدليات )عدد =  207تم زيارة  :النتائج
المضادات الحيوية بدون وصفة طبية باستخدام مستويات الطلب الثلاثة. تم صرف معظم المضادات الحيوية لحالات 

٪(. من بين الصيادلة الذين صرفوا المضادات 89.2تلتها حالات عدوى المسالك البولية ) ٪(،95.3التهاب البلعوم )
٪ سألوا عن وجود أي نوع 27.0٪ ذكروا مدة العلاج، و41.1٪ بشرح كيفية تناول المضاد الحيوي، و92.0الحيوية، قام 

لصيدليات صرف أي نوع من ( من موظفي ا207من  44٪ )21.3من الحساسية للأدوية. من ناحية أخرى، رفض فقط 
٪( أوصوا بمراجعة الطبيب، وكان السبب الوحيد للرفض هو وجود 38.6، 44من  17المضادات الحيوية، ومن بين هؤلاء )

 .مشكلات صحية

توضح نتائج هذه الدراسة بوضوح أن صرف المضادات الحيوية بدون وصفة طبية للأطفال شائع في الأردن،  :الاستنتاج
التشريعات الحالية. تؤكد سهولة الوصول إلى المضادات الحيوية وسوء استخدامها على ضرورة التطبيق على الرغم من 

 .الصارم للقوانين الحالية وإنشاء تنظيم جديد بشأن صرف المضادات الحيوية بدون وصفة طبية في المستقبل القريب

 .مضادات حيوية؛ بدون وصفة طبية؛ عميل متخفي؛ صيادلة؛ الأردن الكلمات الدالة:
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ABSTRACT 
The Problem: The rising prevalence of Type 2 Diabetes presents a significant global health burden and economic 

strain, driving interest in herbal medicine as a potentially cost-effective alternative or supplement to conventional 

treatments.  

Experimental Approach: This literature review included peer-reviewed studies published between 2018 and 

2024. A comprehensive search of databases such as PubMed, Scopus, and Google Scholar was conducted using 

terms related to diabetes, herbal medicine, and cost-effectiveness. The included studies originated from various 

countries, including India, China, the United States, the United Kingdom, Saudi Arabia, and several African 

nations. Studies targeting adult participants with diabetes and assessing the effectiveness, cost, or user experiences 

of herbal remedies were included. In contrast, studies involving children, non-peer-reviewed articles, and those 

not directly related to herbal medicine were excluded. Data extraction was performed independently by two 

researchers using a standardized form to collect information on study characteristics, sample size, herbal remedies, 

glycemic control outcomes, and side effects.  

Major Findings: A total of 45 studies were included, comprising randomized controlled trials (RCTs) and 

observational studies. The findings indicated that specific herbal remedies can significantly enhance glycemic 

control, with an average reduction in HbA1c ranging from 0.5% to 1.5%. Additionally, the economic impact of 

these remedies showed potential cost advantages compared to conventional treatments, although their safety 

profiles revealed some associated side effects.  

Conclusions: This review highlights the potential benefits of herbal remedies in managing Type 2 Diabetes but 

underscores the need for further research. Future studies should specifically address optimal dosages, interactions 

with conventional medications, cost-effectiveness, and long-term safety and efficacy, particularly through RCTs 

with larger sample sizes and extended follow-up periods. 

Keywords: Herbal Medicine; Type 2 Diabetes; Cost-effectiveness; Glycemic Control; User profiles; Economic 

Impact. 

 

1. INTRODUCTION 

Type 2 Diabetes (T2D) is a chronic metabolic disorder 

characterized by elevated blood glucose levels, resulting 

from insulin resistance and impaired insulin secretion (1). 

The International Diabetes Federation estimated that 

approximately 537 million adults were affected globally in 

2021, with projections reaching 643 million by 2030 and 

783 million by 2045 (2). This escalating prevalence 

underscores the urgent need for effective management 

strategies. 

While conventional management approaches offer some 

benefits, they often come with significant limitations, 

including side effects and high costs (3). These challenges 

have spurred interest in complementary and alternative 

mailto:nada.sonji@liu.edu.lb
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medicine (CAM), particularly herbal remedies, as potential 

adjuncts or alternatives in T2D management (4). 

Herbal medicine has a long history of treating various 

ailments, including diabetes, across many cultures. Recent 

scientific investigations have demonstrated how certain 

herbs may influence glucose metabolism. For instance, 

some herbal compounds may improve insulin sensitivity, 

stimulate insulin secretion, or inhibit carbohydrate-

digesting enzymes (5). 

Diverse bioactive compounds found in herbal medicine 

may help in the management of blood sugar levels 

(glycemic control). For example, polyphenols in green tea 

and berries demonstrate antioxidant properties that may 

protect pancreatic β-cells from oxidative stress-induced 

damage (6). Terpenoids in herbs such as bitter melon 

(Momordica charantia), have improved glucose uptake in 

muscle and adipose tissues (7). Notable herbal remedies 

include berberine from  Berberis vulgaris, which has been 

shown to lower blood glucose levels (8). Similarly, 

cinnamon (Cinnamomum verum) has been studied for its 

ability to improve insulin sensitivity (9), while bitter 

melon is known for its hypoglycemic properties (10). 

Ginseng has also exhibited hypoglycemic effects in 

several studies (11). 

However, the use of CAM products is not without 

risks, and safety concerns must be carefully considered. 

Drug-herb interactions pose significant challenges in the 

management of T2D. For instance, ginseng can interact 

with warfarin, potentially altering its anticoagulant effects 

(12). Bitter melon can also interact with insulin and oral 

antidiabetic medications, which may lead to dangerously 

low blood sugar levels (13,14). Furthermore, St. John's 

wort can significantly affect the metabolism of various 

drugs, including those for diabetes, potentially leading to 

decreased efficacy (13). The risk of hypoglycemia is a 

major concern with certain herbal remedies, particularly 

when used alongside conventional antidiabetic 

medications. This highlights the importance of careful 

monitoring and professional guidance when incorporating 

herbal remedies into diabetes management plans (13). 

Additionally, the lack of standardization in herbal products 

further complicates their safety profile. Herbal products 

may be contaminated with harmful substances like heavy 

metals or pesticides. For example, Fenugreek seeds have 

been found to contain contaminants that can lead to liver 

and kidney damage (15). 

Integrating herbal medicine into mainstream T2D 

management faces several challenges. These include 

variability in herbal preparation methods, lack of 

standardization in dosing, potential drug-herb interactions, 

and limited understanding of long-term safety profiles. 

Moreover, the regulatory landscape for herbal products 

varies significantly across countries, complicating the 

assessment of quality and efficacy (16–18). 

This review aims to provide a comprehensive overview 

of the current state of research on herbal remedies used for 

diabetes management. We will focus on the prevalence of 

use, cost considerations, and safety issues associated with 

these interventions while identifying critical research gaps, 

particularly regarding safety profiles, long-term efficacy, 

standardization, and effective communication between 

healthcare providers and patients.  

While some studies have shown promise for certain 

herbal remedies in glycemic control, many lack rigorous 

scientific validation (19). Therefore, this review will 

evaluate the efficacy, safety, and economic implications of 

herbal remedies in T2D management. 

 

2. METHODS 

A comprehensive search of published peer-reviewed 

articles was conducted using the databases PubMed, 

Google Scholar, Scopus, ProQuest, CINAHL, and Science 

Direct. Search terms included "diabetes," "herbal 

medicine," "traditional medicine," "natural remedies," 

"botanicals" "complementary and alternative medicine," 

"patient satisfaction," "health beliefs," "economic burden," 

and “cost-effectiveness” and their synonyms. Boolean 

operators (e.g., AND, OR) were used to refine search 
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results. Additional studies were identified through hand-

searching reference lists. 

Inclusion and Exclusion Criteria 

The inclusion criteria were peer-reviewed articles 

published from 2018 to 2024, focusing on adult 

participants with diabetes and assessing aspects related to 

the rate of herbal remedies use, cost, or socio-demographic 

characteristics of herbal remedy use. Only studies 

published in English were included. The included studies 

originated from various countries, including India, China, 

the United States, the United Kingdom, Saudi Arabia, and 

some African nations. Studies were excluded if they 

involved children or adolescents, were not peer-reviewed, 

or did not specifically address herbal medicine or diabetes. 

The included studies were primarily cross-sectional 

surveys, cohort studies, and RCTs. 

Data Extraction 

Data extraction involved information on study 

characteristics, sample size, types of herbal remedies used, 

the prevalence of herbal remedy use, costs, and socio-

demographic factors of participants (including age, 

gender, income, and geographical location). A 

standardized data extraction form was utilized, and any 

inconsistencies were resolved through discussions among 

reviewers. 

Methodological Rigor Assessment 

Methodological rigor was assessed using the Cochrane 

Collaboration's Risk of Bias tool, evaluating aspects such 

as randomization, allocation concealment, blinding, and 

selective reporting. In our review, we included 45 studies, 

of which only 7 were assessed for risk of bias. The 

selection of these 7 studies was based on their 

methodological rigor and the applicability of the Cochrane 

Collaboration's Risk of Bias tool. While this tool is 

primarily designed for RCTs, it can also be applied to other 

study designs that exhibit sufficient methodological 

quality. The decision to assess only these 7 studies was 

made to ensure a focused evaluation of bias where the tool 

could be most effectively utilized. We acknowledge that 

the remaining studies were not assessed for bias, as they 

did not meet the criteria for this specific evaluation. This 

approach is intended to maintain the integrity of our review 

by concentrating on studies where a robust bias assessment 

was feasible. 

Data Synthesis 

While a meta-analysis was not conducted as part of this 

study, we reviewed several relevant meta-analyses in the 

literature. For instance, Alzahrani et al. conducted a 

systematic review and meta-analysis that explored the 

global prevalence and types of CAM use among adults 

with diabetes (20). Our overall findings are based on a 

variety of study designs, including RCTs, observational 

studies, and cross-sectional analyses. The goal of this 

narrative synthesis is to summarize the key findings and 

identify potential areas for future research. 

 

3. RESULTS 

Table 1 provides a comprehensive summary of various 

studies evaluating the effectiveness of herbal medicines 

for glycemic control in diabetes. It includes data from 

RCTs, observational studies, and cross-sectional analyses, 

highlighting different herbal interventions and their 

outcomes. For instance, Ahmad et al. conducted an RCT 

with 52 participants, finding significant reductions in 

fasting plasma glucose (FPG) and HbA1c levels with 

fenugreek and cinnamon, though insulin levels fell 

significantly only in the cinnamon group (21). Kandhare et 

al. reported that while fenugreek (IND-2) did not 

significantly reduce fasting blood sugar (FBS), there was 

noted improvement in HbA1c levels among 30 

participants, with mild adverse events and a few 

discontinuations (22). Maideen reviewed a range of studies 

including a pilot study with 41 participants and a double-

blind RCT with 250 participants, demonstrating 

significant improvements in fasting blood FBS and HbA1c 

levels with Nigella sativa (Black Seed) oil, showing 

comparable effectiveness to metformin in some cases (23). 

Prasopthum et al. in a cross-sectional study of 739 
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participants found that herbal medicines like bitter gourd, 

pandan leaf, and country mallow used in combination with 

antidiabetic agents, particularly bitter gourd, were 

associated with improved glycemic control (24). Chan et 

al. conducted RCTs on GanopolyTM, G. lucidum, and 

Lingzhi, reporting mixed results with GanopolyTM 

showing reduced fasting and postprandial glucose levels 

and HbA1c, while the other interventions showed no 

significant effects (25). Adam et al. found marked 

improvements in glycemic control and lipid profile with 

Nigella sativa oil, supported by in vivo studies 

demonstrating antidiabetic effects in rats (26). Yedjou et 

al. highlighted positive effects of garlic, bitter melon, 

Hibiscus sabdariffa, and ginger on blood glucose levels, 

with notable reductions observed across the board (5).  

While detailed cost information was not consistently 

reported across studies, systematic reviews have 

highlighted the potential of herbal remedies; however, 

comprehensive cost-effectiveness analyses specifically 

focusing on these interventions are still lacking (27,28). 

This review acknowledges the inconsistencies in cost 

reporting and aims to provide a clearer analysis of cost 

considerations in future work. Overall, the findings 

indicate that certain herbal remedies may be effective in 

managing glycemic levels, but uncertainties regarding 

their cost-effectiveness remain. More rigorous cost 

analyses are necessary to fully understand their economic 

implications in diabetes management. 

The safety profiles for herbal remedies were generally 

favorable, with only minor adverse effects reported in a 

few instances (5,23,24). For example, in the studies 

reviewed, most participants experienced mild adverse 

events with fenugreek and IND-2, while no major adverse 

effects were noted for Nigella sativa, which reported long-

term safety during trials (23). Specific adverse effects, 

such as gastrointestinal disturbances and allergic reactions, 

were documented but were typically mild and manageable. 

The detailed findings are summarized in Table 1. 

 

Table 1. Summary of the studies that assess effectiveness, cost considerations and safety issues associated with 

herbal medications in DM. 

Reference 

Type of Study, 

No. of 

Participants 

Intervention Outcome Result 
Cost 

Study 
Safety Study 

(21) Randomized 

Controlled Trial 

(RCT); 52 

participants (26 

in each group) 

Fenugreek 

(20g/day) and 

Cinnamon 

(4g/day) 

Fasting Plasma 

Glucose (FPG), 

HbA1c, Insulin 

levels 

Significant 

reduction in FPG 

and HbA1c in both 

groups; Insulin 

level fell 

significantly only 

in Cinnamon 

group 

NA NA 

(22) Prospective, 

single arm, 

uncontrolled, 

multicenter 

30 participants 

IND-2 (700 mg 

Fenugreek, 

thrice daily) 

HbA1c levels, 

FBS, PPBS, 

insulin 

requirement 

No significant 

reduction in FBS; 

HbA1c 

improvement 

noted 

NA Majority of 

adverse events 

were mild; 4 

discontinuations 

due to AEs 
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Reference 

Type of Study, 

No. of 

Participants 

Intervention Outcome Result 
Cost 

Study 
Safety Study 

(23) Prospective 

observational 

study - 60 

participants 

Pilot study - 41 

participants 

Prospective 

cohort study - 

94 participants 

Pilot study - 80 

participants 

Randomized, 

double-blind, 

placebo-

controlled 

clinical trial - 

70 participants 

Participant-

blinded, 

placebo-

controlled 

clinical trial - 

114 participants 

Double-blind, 

randomized 

controlled trial - 

250 participants 

Single-blind, 

randomized 

controlled trial - 

99 participants 

Non-

randomized 

clinical trial - 

114 participants 

Randomized 

clinical trial - 

117 participants 

Nigella sativa 

(Black Seed) oil 

- Doses ranging 

from 2 g/day to 

1350 mg/day. 

Combination 

therapy with 

metformin. 

Placebo control 

in various trials. 

Oral N. sativa 

oil - 2.5 mL/day 

for chronic 

kidney disease 

patients. 

Powdered N. 

sativa - 2 g/day 

for 1 year. 

N. sativa oil - 

1.5 mL and 3 

mL daily for 

metabolic 

syndrome 

patients. 

FBS and HbA1c 

levels. 

Significant 

improvement in 

metabolic 

parameters such as 

HbA1c and FBG. 

Comparable 

effectiveness to 

metformin in some 

studies. 

Protective effects 

on cardiac 

function in 

diabetic patients. 

Statistically 

significant 

reductions in 

cholesterol levels. 

Significant 

reduction of 

insulin resistance 

and inflammatory 

markers. 

NA No major adverse 

effects reported 

in the studies. 

Safety observed 

in long-term 

administration 

(up to 1 year). 

Monitoring of 

metabolic 

parameters 

ensured 

participant safety 

throughout the 

trials. 
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Reference 

Type of Study, 

No. of 

Participants 

Intervention Outcome Result 
Cost 

Study 
Safety Study 

(24) Cross-sectional-

739 participants 

Herbal 

medicine use in 

combination 

with 

antidiabetic 

agents 

1.Pandan leaf 

(Pandanus 

amaryllifolius) - 

23.1% 

2.Bitter gourd 

(Momordica 

charantia) - 

19.2% 

3.Country 

mallow 

(Abutilon 

indicum) - 

10.8% 

4.Yanang leaf 

(Tiliacora 

triandra) - 6.2% 

5.Lingzhi 

mushroom 

(Ganoderma 

lucidum) - 6.2% 

Glycemic 

control (HbA1c 

levels) 

 

These plants were 

used in 

combination with 

prescribed 

antidiabetic drugs, 

and the study 

highlighted that 

bitter gourd, in 

particular, was 

associated with 

good glycemic 

control when used 

alongside 500 

mg/day of 

metformin 

NA NA 
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Reference 

Type of Study, 

No. of 

Participants 

Intervention Outcome Result 
Cost 

Study 
Safety Study 

(25) Randomized 

controlled trial-

62 participants 

 

 

 

 

Randomized 

controlled trial-

84 participants 

 

 

 

 

 

 

 

Randomized, 

double-blind, 

placebo-

controlled 

study-26 

participants 

 

GanopolyTM 

(1800 mg three 

times daily for 

12 weeks) 

 

 

 

G. lucidum (3 

g/day) or G. 

lucidum plus 

Cordyceps 

sinensis 

capsules for 16 

weeks 

 

 

 

Lingzhi (1.44 g 

extract/d for 12 

weeks) 

 

 

Fasting and 

postprandial 

plasma glucose 

levels, HbA1c 

 

 

 

Hyperglycemia 

and 

cardiovascular 

risk factors 

 

 

 

 

 

 

insulin and 

HOMA-IR 

(homeostasis 

model 

assessment–

insulin 

resistance) 

Reduced 

 

 

 

 

 

 

No significant 

effects 

 

 

 

 

 

 

 

 

Reduced  

 

 

 

 

 

NA 

 

 

 

 

 

 

NA 

 

 

 

 

 

 

 

 

 

NA 

 

 

 

 

 

 

NA 

 

 

 

 

 

 

NA 

 

 

 

 

 

 

 

 

 

NA 

 

 

 

 

 

 

(26)  
Clinical 

Trial 

 (e.g., 

50-

100) 

 

 

 

 

 

 

In Vivo Study-

Not specified 

Nigella sativa 

oil 

 

 

 

 

 

 

 

Aqueous extract 

of Nigella 

sativa  

Glycemic 

control (FBG, 

HbA1c, insulin 

levels) 

 

 

 

 

 

Antidiabetic 

effect 

Marked 

improvement in 

glycemic control 

and lipid profile 

after 8 weeks of 

treatment 

 

 

 

Demonstrated 

antidiabetic effects 

in diabetic rats 

NA 

 

 

 

 

 

 

 

 

NA 

NA 

 

 

 

 

 

 

 

 

In vivo toxicity 

assessed 
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Reference 

Type of Study, 

No. of 

Participants 

Intervention Outcome Result 
Cost 

Study 
Safety Study 

(5) Clinical Study 

Not specified 

 

 

 

 

 

Clinical Study 

Not specified 

 

 

 

 

Clinical Study 

Not specified 

 

 

 

 

Clinical Study 

Not specified 

 

Allium sativum 

(Garlic) 

 

 

 

 

 

Momordica 

charantia 

(Bitter Melon) 

 

 

 

 

Hibiscus 

sabdariffa L. 

(roselle) 

 

 

 

Zingiber 

officinale Rosc. 

(Ginger) 

Blood sugar 

levels 

 

 

 

 

 

Blood sugar 

levels 

 

 

 

 

 

Blood pressure 

and blood sugar  

 

 

 

 

Blood sugar 

levels 

Significant 

reduction in blood 

sugar levels 

observed 

 

 

 

Notable 

improvement in 

glycemic control 

 

 

 

 

Positive effects on 

both blood 

pressure and blood 

sugar levels 

 

 

Reduction in 

fasting blood 

glucose levels 

NA 

 

 

 

 

 

 

NA 

 

 

 

 

 

 

NA 

 

 

 

 

 

NA 

Yes 

 

 

 

 

 

 

Yes 

 

 

 

 

 

 

Yes 

 

 

 

 

 

Yes 

RCT = Randomized Controlled Trial; FPG = Fasting Plasma Glucose; HbA1c = Hemoglobin A1c; FBS = Fasting Blood Sugar; 

PPBS = Postprandial Blood Sugar; HOMA-IR = Homeostasis Model Assessment of Insulin Resistance; NA = Not Available. 

 

 

Table 2 provides a comprehensive overview of the 

cultural, societal, professional, and regulatory factors that 

influence the use of herbal remedies in diabetes 

management. Key findings highlight the diverse 

motivations for using herbal remedies, including 

dissatisfaction with conventional treatments, cultural 

beliefs, and economic factors. Furthermore, the table 

explores the role of perceptions, communication, and 

obstacles in the adoption and utilization of herbal 

medicine. These factors collectively shape the complex 

landscape of herbal remedy usage in diabetes care. 
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Table 2. Cultural, Societal, Professional, and Regulatory Factors Affecting the Use of Herbal Remedies in Diabetes 

Management 

Topic Key Findings References 

Motivations - Dissatisfaction with conventional treatments, preference for holistic 

approaches, cultural beliefs  

- Perceptions of herbal medicine as more natural or safer than 

pharmaceuticals   

- Economic factors, including cost of conventional treatments and 

perceived affordability of herbal alternatives  

- Access and availability of herbal practitioners and products  

- Enhancing quality of life and gaining a sense of control over health 

(29,30) 

Perceptions - Cultural and ethnic factors influence acceptance and integration of herbal 

remedies  

- Regulation and professionalization of herbal medicine impact trust and 

usage  

- Evidence-based research and psychological factors (e.g., stress 

management, placebo effect) influence perceptions 

(31,32) 

Communication - Many herbal medicine users do not disclose use to healthcare providers 

due to concerns about judgment, lack of support, and fears of negative 

reactions  

- Healthcare providers often do not routinely inquire about herbal medicine 

use, contributing to communication gaps  

- Patients often seek information on herbal remedies from sources other 

than healthcare providers 

(33,34) 

Obstacles - Lack of standardized practices and consensus on efficacy and safety of 

herbal treatments  

- Inadequate provider education and training on herbal medicine, leading to 

skepticism and reluctance to recommend  

- Structural barriers in healthcare systems, including cost and time 

constraints, and lack of insurance coverage for herbal remedies  

- Cultural and societal factors influencing acceptance and use of herbal 

medicine  

- Regulatory challenges due to inconsistent standards, affecting product 

quality and efficacy 

(35,36) 

 

Using the Cochrane Collaboration's Risk of Bias tool, 

we assessed the methodological rigor of the studies. This 

evaluation focused on randomization, allocation 

concealment, blinding, and selective reporting to assess 

the reliability and validity of the findings. Table 3 

summarizes these quality assessments, providing a clearer 

picture of the literature's methodological strength. 
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Table 3. Assessment of Bias Risks in Included Studies on Herbal Remedies for Diabetes Management 

Reference Study Type 
Selection 

Bias 

Performance 

Bias 

Detection 

Bias 

Attrition 

Bias 

Reporting 

Bias 

Overall 

Bias Risk 

(21) RCT Low Low Low Low Low Low 

(22) Uncontrolled High High High High Medium High 

(23) Observational High N/A N/A Unknown Medium Medium 

(24) Cross-sectional High N/A N/A N/A High High 

(25) RCT Low Low Low Low Low Low 

(26) Clinical Trial Unknown N/A N/A N/A Unknown Unknown 

(5) Clinical Study Unknown N/A N/A N/A Unknown Unknown 

 N/A: Not Apply 

 

4. DISCUSSION 

4.1. Trends in Herbal Medicine Use for Diabetes 

Our review of the literature reveals several key trends 

in the use of herbal medicine for diabetes management: 

4.1.1. Motivations and Perceptions Regarding the Use 

of Herbal Medicine 

A significant trend observed across studies is the 

multifaceted motivation behind herbal medicine use. 

Individuals often turn to herbal remedies due to 

dissatisfaction with conventional treatments, a preference 

for holistic approaches, or deeply rooted cultural beliefs. 

The perception of herbal medicines as “more natural” or 

safer than pharmaceutical options significantly influences 

its use (Table 2) (37,38).  

4.1.1.1. Economic Factors 

Multiple studies highlight the role of economic 

considerations in driving individuals towards herbal 

alternatives. The high cost of conventional diabetes 

treatments appears to be a significant factor influencing 

this trend, especially in low- and middle-income countries. 

This shift is especially evident when conventional 

treatments are not covered by insurance (37,39). These 

economic motivations are further reflected in the key 

findings of Table 2. 

4.1.1.2. Prevalence and Cost of Herbal Medicine Use 

Research shows that many individuals turn to herbal 

alternatives for diabetes management, particularly in low 

and middle-income countries where financial barriers limit 

access to conventional treatments (40,41). Americans 

spend over $34 billion annually out-of-pocket on 

Complementary and Alternative Medicine (CAM) 

therapies, reflecting a widespread perception that the 

perceived benefits of these treatments outweigh their costs 

(42). A comprehensive review by Alzahrani et al. revealed 

significant global variation in the use of CAM, with a 

prevalence rate of 51% and substantial heterogeneity. The 

most commonly used herbs include cinnamon, fenugreek, 

garlic, aloe vera, and black seed (20). In Thailand, 37.5% 

of patients used herbal medicine alongside their prescribed 

antidiabetic drugs, with tea being the most common form 

(24). In Africa, the use of traditional medicine ranges from 

12.4% to 77.1%, with a median of 50% (43). 

Despite the high prevalence, the financial and practical 

implications of herbal medicine use are complex. Initially, 

herbal remedies may appear cost-effective compared to 

conventional treatments (44,45). However, the true cost-

effectiveness of these remedies involves more than just 

immediate out-of-pocket expenses. Herbal medicines 

often lack the comprehensive evidence and long-term 

effectiveness provided by conventional medicines. This 

can lead to potential costs down the line if the remedies 

prove less effective in managing chronic conditions like 

diabetes (46,47). 

 Literature reviews on the cost-effectiveness of herbal 
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medicine in diabetes management are notably scarce, 

reflecting a significant gap in our understanding of the 

economic implications of these interventions. While cost-

effectiveness analyses (CEAs) have been conducted for 

herbal treatments in various other health conditions, 

comprehensive studies specifically addressing diabetes 

remain limited. This scarcity is particularly concerning 

given the global prevalence of diabetes and the potential 

role of herbal medicines in its management (45). 

To contextualize this gap, it is instructive to consider 

examples from other therapeutic areas where CEAs of 

herbal medicines have been conducted. For instance, Lin 

et al. evaluated the long-term economic impact of 

combining traditional Chinese medicine (Gastroma 

Guteng Yin) with conventional western medicine for 

hypertension management. Their study revealed improved 

health outcomes but at significantly higher costs, 

underscoring the complexity of economic evaluations in 

herbal medicine (48). In the realm of mental health, St. 

John's wort has been shown to be as effective as 

conventional antidepressants but at a lower cost, 

demonstrating the potential for cost-effective herbal 

interventions (49). Similarly, in chronic pain management, 

acupuncture, often involving herbal remedies, has been 

found to be more cost-effective than conventional 

treatments for chronic low back pain (50). These examples 

highlight the feasibility and importance of conducting 

rigorous CEAs in herbal medicine. 

However, the paucity of such studies in diabetes 

management represents a critical research gap (45). The 

multi-component nature of herbal products complicates 

toxicity assessments and efficacy evaluations, presenting 

unique challenges in conducting comprehensive CEAs 

(51). Furthermore, the heterogeneity of outcomes within 

herbal medicine research and the importance of 

considering local economic contexts add layers of 

complexity to these analyses (52). As diabetes imposes a 

significant economic burden on healthcare systems 

worldwide, there is an urgent need for well-designed, long-

term studies that evaluate not only the clinical efficacy but 

also the cost-effectiveness of herbal interventions in 

diabetes management. Such research would provide 

valuable insights for policymakers, healthcare providers, 

and patients, potentially leading to more informed 

decision-making and resource allocation in diabetes care. 

4.1.1.3. Access and Psychological Aspects  

Multiple studies also highlight the importance of 

access and availability in the use of herbal medicine.  In 

regions where herbal practitioners and products are more 

accessible, usage tends to be higher, with geographic and 

socioeconomic factors affecting access to both 

conventional and alternative therapies. Additionally, many 

patients use herbal medicine to enhance their quality of life 

and gain a sense of control over their health, finding 

empowerment in actively participating in their care 

(38,53). Psychological factors, including stress 

management and the placebo effect, contribute to the 

perceived benefits of herbal medicine, as these remedies 

can offer psychological comfort that positively affects 

health outcomes (54,55). 

4.1.1.4. Cultural and Ethnic Influences 

The literature consistently points to the strong 

influence of cultural and ethnic factors on herbal medicine 

use. Some communities have a long history of using herbal 

medicine, deeply rooted in cultural traditions (56,57). 

Additionally, some individuals combine herbal remedies 

with conventional treatments to enhance their overall 

health regimen, highlighting the role of herbal medicine in 

comprehensive patient care strategies (29). 

4.2. Research Gaps and Methodological Challenges 

Our review has identified several critical gaps in the 

current research landscape: 

4.2.1. Safety Profiles of Herbal Medicines Used for 

Diabetes 

There is a notable lack of rigorous scientific validation 

for the safety profiles of many herbal remedies used in 

diabetes management. This gap is particularly concerning 

given the potential for drug-herb interactions and liver 
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toxicity. The lack of rigorous scientific validation for the 

safety profiles of many herbal remedies is compounded by 

the bias risks present in the studies reviewed. Table 3 

summarizes the assessment of bias risks, indicating that 

many studies, particularly observational ones, face 

significant limitations in their design and execution. The 

safety of herbal medicines used for diabetes management 

is a critical concern, particularly since many patients do 

not disclose their use of CAM to their healthcare providers 

(58). While the widespread use of herbal remedies among 

individuals with diabetes indicates a perceived safety and 

efficacy, specific details on their safety profiles are often 

not well-documented (59). This risk is further amplified in 

patients on polypharmacy, where the complexity of drug 

regimens increases the likelihood of harmful interactions, 

as demonstrated in national diabetes programs such as 

PROLANIS in Indonesia (60). 

Numerous herbal remedies show promise in glycemic 

control, their safety profiles often lack rigorous scientific 

validation. For example, Teschke et al. highlighted the 

potential liver toxicity associated with certain Chinese 

herbal medicines used for diabetes (61). Fenugreek has been 

reported to cause hypoglycemia when used concurrently 

with insulin or sulfonylureas (62), while bitter melon may 

interact with P-glycoprotein and CYP3A4 substrate drugs, 

potentially altering their effectiveness (63). Ginseng has 

been associated with side effects such as headaches, 

insomnia, and hypertension (64).  

Recent studies have found that, although some herbal 

medicines demonstrate hypoglycemic effects, they may 

also cause liver, kidney, and lung damage, highlighting the 

need for caution in their long-term use (65,66). The 

American Diabetes Association (ADA) emphasizes the 

importance of patient-provider communication regarding 

herbal supplement use, as failure to disclose such 

information can lead to dangerous drug-herb interactions 

(67). Quality control of herbal products is also a pressing 

issue, with studies revealing inconsistencies in active 

ingredient concentrations and occasional contamination 

with heavy metals or pharmaceutical agents (68). These 

concerns underscore the necessity for standardized 

manufacturing processes, comprehensive safety 

evaluations, and improved regulatory oversight in the 

herbal medicine industry. 

Healthcare professionals often express reluctance to 

recommend herbal treatments due to concerns about 

interactions with conventional medications and 

insufficient knowledge about their safety profiles (69). 

While herbal remedies can be gentler than synthetic drugs, 

they are also prone to issues such as plant 

misidentification, incorrect preparation, and improper 

administration by inadequately trained practitioners. In 

contrast, synthetic drugs, though newer to Western 

medicine, are generally trusted more due to their 

standardized production and well-documented effects. 

Therefore, ongoing research and careful monitoring are 

essential to address safety concerns and improve patient 

outcomes with herbal medicine (70). 

4.2.2. Long-term efficacy studies 

There is a scarcity of long-term, large-scale clinical 

trials to conclusively establish herbal medicine efficacy in 

diabetes management (45,71). This poses significant 

challenges to establishing the efficacy and safety of these 

treatments. Current research is limited by small sample 

sizes, short durations, and varying methodologies, making 

it difficult to draw definitive conclusions about the 

effectiveness of herbal remedies (51). This lack of robust 

evidence is a major barrier to the integration of herbal 

medicine into mainstream diabetes care, as healthcare 

providers and policymakers require high-quality data to 

make informed decisions. The absence of comprehensive 

clinical trials limits the understanding of how herbal 

medicines interact with conventional diabetes treatments, 

particularly given the complex nature of diabetes 

management. Large-scale studies could provide valuable 

insights into the synergistic effects of combining herbal 

and conventional therapies, potentially leading to more 

effective and personalized treatment strategies (72). 
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Addressing these research gaps is crucial for advancing the 

field and ensuring patients have access to safe and 

effective treatment options. 

4.2.3. Standardization and Quality Control 

The literature highlights significant challenges in the 

standardization and quality control of herbal products, 

which complicates the assessment of their safety and 

efficacy. Herbal medicines frequently face issues with 

standardization and quality. The variability in 

effectiveness and safety due to lack of standardization can 

impact their overall cost-effectiveness (73). Many 

countries lack stringent regulations for herbal drugs, 

leading to issues like adulteration and spurious products, 

which compromise safety and efficacy (74). In contrast, 

conventional medicines undergo rigorous testing and 

standardization processes to ensure consistency and 

reliability (75).  

4.2.4. Communication with Healthcare Providers 

Regarding Herbal Medicine Use 

A recurring theme in the literature is the 

communication gap between patients and healthcare 

providers regarding herbal medicine use. Effective 

communication between herbal medicine users and 

healthcare providers is crucial for ensuring safe and 

coordinated care. The review reveals that many individuals 

using herbal remedies do not disclose this information to 

their healthcare providers, primarily due to concerns about 

judgment, perceived lack of support, and fears of negative 

reactions (30,32,76). This reluctance complicates diabetes 

management because nondisclosure can lead to risks such 

as adverse drug interactions and hampers the integration of 

herbal remedies into conventional treatment plans (33). 

Notably, this pattern of nondisclosure and self-medication 

is not limited to herbal remedies; it extends to other 

medications, as demonstrated by a recent study in Lebanon 

showing that caregivers frequently administer antibiotic 

suspensions to children without consulting healthcare 

professionals (77). This suggests a deeply rooted culture of 

self-medication that underscores the need for targeted 

education and improved patient-provider dialogue. 

The review also highlights that a significant number of 

healthcare providers do not routinely inquire about herbal 

medicine use, which contributes to this communication 

gap (45). Furthermore, only a small percentage of herbal 

users seek information from conventional practitioners, 

indicating that healthcare providers are not the primary 

source of information on herbal remedies (78). 

Addressing these communication gaps is essential for 

improving patient safety and the effectiveness of treatment 

plans. The World Health Organization emphasizes the 

need for enhanced dialogue and collaboration between 

patients and healthcare providers to ensure the informed 

and safe use of herbal medicine (36). Initiatives that 

empower pharmacy students as health educators—such as 

training them to help patients interpret food labels and 

make informed decisions—demonstrate a successful 

model for building health literacy in Lebanon (79). This 

educational approach can be expanded to include 

counseling on herbal remedies, equipping future 

pharmacists to bridge the information gap and support 

safe, evidence-based self-management. 

4.3. Integrating Findings: A Narrative Synthesis 

Synthesizing the available literature reveals several 

key themes: 

4.3.1. Efficacy of Specific Herbal Remedies 

The effectiveness and safety of herbal medicines for 

diabetes management vary widely. Salleh et al. evaluated 

the impact of specific herbal remedies including turmeric, 

garlic, bitter melon, and roselle (Hibiscus sabdariffa) on 

blood glucose levels. Their findings revealed that a 

combination of turmeric and garlic significantly reduced 

fasting blood glucose levels and HbA1C, without adverse 

effects on blood pressure, liver, or kidney function. In 

contrast, bitter melon did not show significant effects on 

blood glucose or other health markers, which might be 

attributed to variations in bioactive compounds based on 

regional differences (80). 

Zhang et al. reviewed Chinese Herbal Medicine (CHM) 
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for diabetic kidney disease, focusing on herbs such as 

Astragali Radix, Rehmanniae Radix, and Rhei Radix et 

Rhizoma. CHM was found to be beneficial as an adjunct 

therapy with renin-angiotensin system inhibitors, leading to 

reduced albuminuria and improved estimated glomerular 

filtration rate. However, the studies had limitations, 

including high heterogeneity and small sample sizes, which 

warrant cautious interpretation of the results (81). 

Table 1 summarizes various studies on the use of 

medicinal plants in diabetes management. Ahmad et al. 

found that both fenugreek and cinnamon significantly 

reduced fasting plasma glucose and HbA1c, with 

cinnamon also lowering insulin levels (21). Kandhare et al. 

reported improvements in HbA1c with fenugreek but 

noted mild adverse events and no significant reduction in 

fasting blood sugar (22). Maideen showed that Nigella 

sativa oil improved metabolic parameters and was 

comparable to metformin, with no major adverse effects 

(23). Prasopthum et al. highlighted that bitter gourd, when 

used with metformin, improved glycemic control (24). 

Chan et al. observed mixed results with Ganoderma 

lucidum, including reduced glucose levels in some trials 

(25). Adam et al. demonstrated significant glycemic and 

lipid profile improvements with Nigella sativa (26), while 

Yedjou et al. noted positive effects on blood sugar levels 

and safety for garlic, bitter melon, roselle, and ginger (5). 

Overall, the studies suggest that these herbs can positively 

impact diabetes management, although safety and cost 

evaluations vary. However, most of these studies focus 

exclusively on biochemical and clinical markers, with little 

to no assessment of patient-reported outcomes such as 

health-related quality of life (HRQoL). A recent study in 

Quetta, Pakistan, demonstrated the value of using the EQ-

5D-3L instrument to evaluate HRQoL in patients with 

Type 2 Diabetes, revealing significant impacts of the 

disease on daily functioning and well-being (82). Future 

research on herbal remedies should incorporate such 

validated tools to provide a more comprehensive 

understanding of their true impact on patients' lives. 

4.3.2. Regulatory Challenges 

The review reveals a global challenge in regulating 

herbal medicines, with significant variations in regulatory 

frameworks across different countries. This inconsistency 

impacts the quality, safety, and efficacy of herbal products 

available to diabetes patients. In countries where herbal 

medicine is regulated and practitioners are licensed, there 

is often higher trust and usage of these remedies. In India, 

the AYUSH system regulates nearly 8000 herbal 

medications, fostering trust in their safety and 

effectiveness (83). Regulatory challenges pose significant 

barriers as well. Herbal medicine manufacturers and 

practitioners often face difficulties due to inconsistent 

regulatory standards, resulting in variability in product 

quality and efficacy. This lack of uniform regulation 

complicates efforts to integrate herbal medicine into 

established healthcare frameworks (35,84,85). 

Case studies provide valuable insights into these 

challenges. For example, a study in India highlighted how 

regulatory inconsistencies led to the prevalence of low-

quality herbal products, affecting patient safety and 

treatment outcomes (35). Conversely, in Germany, well-

regulated herbal medicine practices within the healthcare 

system have demonstrated successful integration, 

showcasing how standardized approaches can enhance 

both safety and efficacy (86). 

Comparative analysis reveals different approaches 

taken by other countries. In China, herbal medicine is 

widely integrated into the healthcare system, supported by 

robust regulatory frameworks and research initiatives (87). 

Similarly, in South Korea, the integration of traditional 

medicine into conventional healthcare has been facilitated 

by government support and standardized practices, 

providing a model for other regions (88). 

4.3.3. Socioeconomic and Cultural Determinants 

The literature consistently points to the significant role 

of socioeconomic factors and cultural beliefs in shaping 

patients' choices regarding herbal medicine use. Cultural 

beliefs and societal attitudes can strongly impact 
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individuals' preferences for herbal remedies over 

conventional treatments. For example, in many 

communities, herbal medicine is deeply ingrained in 

tradition and is considered a trusted component of 

healthcare (36,89). Vinca rosea, also known as 

Catharanthus roseus, is a traditional medicine in Jordan 

that is used to manage diabetes. Research has shown that 

leaf extracts from this plant have antidiabetic properties 

(90). Local herbalists prescribe remedies based on 

symptoms rather than a comprehensive understanding of 

the underlying conditions. The Northern Badia region, 

known for its diverse medicinal plants, stands out for its 

unique herbal practices (41). This highlights the need for 

culturally sensitive and economically considerate 

approaches in diabetes care. 

4.3.4. Obstacles to Integrating Herbal Medicine into 

the Healthcare System 

Integrating herbal medicine into the healthcare system 

encounters several notable obstacles. A key challenge is 

the lack of standardized practices and consensus on the 

efficacy and safety of various herbal treatments (73). Many 

healthcare providers are inadequately trained to discuss 

herbal medicine with their patients, leading to missed 

opportunities for addressing potential drug-herb 

interactions and ensuring patient safety. This training gap, 

along with limited clinical data and research specifically 

on herbal medicine, contributes to provider skepticism and 

reluctance to recommend these therapies (34,91). The 

absence of insurance coverage for herbal remedies and 

therapies further complicates integration efforts (92).  

Future directions for overcoming obstacles in herbal 

medicine promotion include enhancing provider 

education, improving regulatory standards, and increasing 

clinical research to build a stronger evidence base, as 

suggested in the literature (93). In summary, while the 

integration of herbal medicine into the healthcare system 

faces significant challenges—such as skepticism, 

inadequate provider education, regulatory issues, and 

cultural factors—there are also promising avenues for 

improvement (94). By learning from successful 

international models and addressing these obstacles 

proactively, the potential benefits of herbal medicine can 

be better realized and incorporated into mainstream 

healthcare (36). 

 

5. CONCLUSION 

The use of medicinal plants like cinnamon, aloe vera, 

bitter gourd, turmeric, garlic, and roselle flower in diabetes 

treatments can enhance glucose control and overall health. 

However, it is crucial to educate healthcare providers and 

patients about potential interactions between herbal 

remedies and prescribed anti-diabetic medications. These 

efforts require updating diabetes management practices 

based on scientific evidence, involving patients and 

caregivers, and integrating herbal medicine into national 

health systems. Further research on herbal medicine is 

important for establishing safety profiles and promoting 

evidence-based guidelines. Encouraging lifestyle 

modifications and a whole food plant-based diet can also 

help manage diabetes and prevent complications. 
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 مراجعة أدبية للعلاجات العشبية المستخدمة في داء السكري: الفعالية، السلامة، والاعتبارات التنظيمية
 

  *¹*، غسان م. صونجي¹ندى م. صونجي
 

 بيروت، لبنانقسم العلوم الصيدلانية، كلية الصيدلة، الجامعة الدولية اللبنانية، 1
  

 ملخـص
إن الانتشار المتزايد لداء السكري من النوع الثاني يشكل عبئاً صحياً واقتصادياً كبيراً على مستوى العالم، مما  :المشكلة

 .أدى إلى تنامي الاهتمام بالطب العشبي كخيار بديل أو مكمل منخفض التكلفة للعلاجات التقليدية

. تم إجراء بحث شامل 2024و 2018هذه المراجعة الأدبية دراسات مُحكّمة نُشرت بين عامي  شملت  :المنهج التجريبي
باستخدام مصطلحات مرتبطة بالسكري، والطب العشبي،  Google Scholarو Scopusو PubMed في قواعد بيانات مثل

صين، الولايات المتحدة، المملكة المتحدة، والجدوى الاقتصادية. وقد شملت الدراسات المضمّنة بلداناً متعددة منها الهند، ال
السعودية، وعدد من الدول الإفريقية. تم تضمين الدراسات التي استهدفت البالغين المصابين بالسكري وقيّمت فعالية 
م العلاجات العشبية أو تكلفتها أو تجارب المستخدمين. واستُبعدت الدراسات التي شملت أطفالًا، أو لم تكن مُحكّمة، أو ل

تكن مرتبطة بشكل مباشر بالطب العشبي. وقد أجرى باحثان عملية استخلاص البيانات بشكل مستقل باستخدام نموذج 
موحّد لجمع معلومات حول خصائص الدراسة، وحجم العينة، والعلاجات العشبية، ونتائج التحكم في نسبة السكر في الدم، 

 .والآثار الجانبية

دراسة، تضمنت تجارب سريرية عشوائية ودراسات رصدية. أشارت  45دراسات المشمولة بلغ عدد ال :النتائج الرئيسية
النتائج إلى أن بعض العلاجات العشبية يمكن أن تحسن التحكم في نسبة السكر في الدم بشكل ملحوظ، مع متوسط 

مزايا محتملة من  %. كما أظهرت التأثيرات الاقتصادية لهذه العلاجات1.5% و0.5يتراوح بين  HbA1c انخفاض في
 .حيث التكلفة مقارنة بالعلاجات التقليدية، على الرغم من أن ملفات السلامة أظهرت بعض الآثار الجانبية المصاحبة

تُبرز هذه المراجعة الفوائد المحتملة للعلاجات العشبية في إدارة داء السكري من النوع الثاني، لكنها تؤكد في  :الاستنتاجات
الحاجة إلى مزيد من البحث. وينبغي أن تركز الدراسات المستقبلية على الجرعات المثلى، والتفاعلات الوقت نفسه على 

مع الأدوية التقليدية، والجدوى الاقتصادية، وسلامة وفعالية الاستخدام على المدى الطويل، وخاصة من خلال التجارب 
 .ممتدةالسريرية العشوائية ذات الأحجام الكبيرة وفترات المتابعة ال

الطب العشبي؛ داء السكري من النوع الثاني؛ الجدوى الاقتصادية؛ التحكم في نسبة السكر في الدم؛ ملفات  الكلمات الدالة:
 .المستخدمين؛ التأثير الاقتصادي
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ABSTRACT 
Objective: This study aimed to explore how diabetic health literacy influences glycated hemoglobin HbA1c 

levels—a crucial marker of long-term blood sugar control—in Jordanian patients with type 2 diabetes. 

Methods: Over a four-month period at a major public hospital in Amman, we enrolled 400 patients with type 2 

diabetes mellitus in this cross-sectional study. The study used the Jordanian Diabetic Health Literacy 

Questionnaire (JDHLQ). This validated tool assesses health literacy among Arabic-speaking individuals. 

Results: The findings revealed a significant link between higher health literacy scores and lower HbA1c levels. 

Specifically, each additional point on the JDHLQ was associated with a 0.040 decrease in HbA1c (95% CI [-0.078, 

-0.003], p=0.035). Patients taking more medications and those without insurance also had significantly higher 

HbA1c levels. 

Conclusion: These results highlight the vital role of health literacy in managing diabetes effectively and support 

the implementation of targeted educational programs to improve patient outcomes in Jordan. The study emphasizes 

the need for policy improvements in diabetes care. 

Practice Implications:  Understanding the key factors that influence disease control in type 2 diabetes patients—

including the impact of health literacy—is essential for developing targeted interventions, enhancing patient 

outcomes, and reducing the strain of diabetes on the healthcare system. 

Keywords: Health literacy; Diabetes Miletus; Jordan; HBA1c, glycemic control. 

 

1. INTRODUCTION 

Diabetes mellitus (DM) is primarily characterized by 

abnormally high blood glucose levels [1], which 

significantly increase the risk of microvascular 

complications such as neuropathy, nephropathy, and 

retinopathy. In addition, DM is linked to a higher 

likelihood of macrovascular complications, including 

peripheral vascular disease, stroke, and ischemic heart 

disease. These health issues contribute to substantial 

morbidity, a decreased life expectancy, and a diminished 

quality of life for those affected [2–4]. 

Based on four population-based surveys conducted in 

1994, 2004, 2009, and 2017, the prevalence rate of DM in 

mailto:abdelqader.albawab@zuj.edu.jo
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Jordan was 12.9%, 17.4%, 20.8%, and 22.4%, 

respectively. Thus, the prevalence is increasing at an 

alarming rate [5]. This increase represents a significant 

burden on healthcare services in Jordan. Globally, DM 

constitutes a serious public health problem that has 

significant economic consequences in addition to adverse 

health impacts [6].  In 2010, the global prevalence of DM 

among adults was 285 million patients. It is estimated to 

rise to 439 million by 2030. The projected increase 

between these two years is 20% in developed countries and 

69% in developing countries [7]. 

Health literacy (HL) is extremely important and plays 

an essential role in the development of health, economic, 

and social sectors [8].  Diabetic HL is the patient's ability 

to search for, perceive, analyze, and apply DM-related 

information in both daily lives and healthcare settings [9]. 

Findings from a cross-sectional study conducted in May 

2019 in Ethiopia revealed that adequate diabetic HL is 

strongly correlated with better glycemic control. 

Moreover, after adjusting for all variables including high 

diabetic HL, younger age, and adequate adherence, these 

factors were found to be associated with achieving optimal 

glycemic control[10]. In addition, results from a US cross-

sectional study conducted in 2000 indicated that poor HL 

was independently associated with greater rates of 

retinopathy and poor glycemic control [11]. 

Addressing the factors that influence glycemic control 

is central to preventing complications associated with 

diabetes [12]. A cross-sectional study conducted across 

three hospitals in northern Jordan discovered that a 

significant number of participants had inadequate self-care 

behaviors and poor glycemic control [13]. Another 

Jordanian cross-sectional study found that the prevalence 

of poor glycemic control among participants was 

significantly high [14,15]. 

Healthcare professionals often use the hemoglobin A1c 

(HbA1c) test to assess glycemic control in patients with 

type 2 diabetes mellitus (T2DM), as HbA1c levels are 

critical indicators of potential diabetic complications 

[16,17]. This test reflects an individual's average blood 

glucose levels over the preceding two to three months [18]. 

Previous studies [19,20] have suggested a strong link 

between diabetic patients' health literacy, their level of 

knowledge, and the achievement of better disease control. 

However, to date, no research in Jordan has examined the 

relationship between health literacy and disease 

management, including HbA1c levels, among diabetic 

patients. It is essential to understand the key factors that 

influence disease control in the Jordanian population in 

order to develop targeted interventions, improving patient 

outcomes, and reducing the burden of diabetes on the 

healthcare system. Therefore, this study aimed to investigate 

the relationship between health literacy and disease control, 

including HbA1c levels, in T2DM patients in Jordan 

 

2. METHODS 

A total of 400 patients with diabetes mellitus who were 

attending the endocrinology outpatient clinic in a major 

public tertiary hospital in eastern Amman, Jordan, were 

recruited. Data collection took place between August and 

November 2023. Participants were required to be adults 

aged 18 or older, have a diagnosis of type 2 diabetes 

mellitus for at least one year, and provide written informed 

consent to join the study. The research team reviewed the 

medical records of patients scheduled for follow-up 

appointments the next day to identify those who met the 

inclusion criteria. Eligible patients were approached on the 

day of their appointment by trained researchers (Z.A & 

S.A).  The researchers explained the study's objectives, 

assured them of the confidentiality of their data, and 

informed them of their right to withdraw from the study at 

any time. The self-administered questionnaire took about 

ten minutes, and participants were informed of this 

beforehand. All participants gave informed consent and 

signed a consent form. The study was conducted in 

accordance with the ethical guidelines of the Declaration 

of Helsinki. Ethical approval was obtained from the Al-

Zaytoonah University of Jordan (Ref#18/09/2022–2023). 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 3, 2025 

- 750 - 

2.1. Data collection and study instruments 

This study used the Jordanian Diabetic Health Literacy 

Questionnaire (JDHLQ), a validated instrument for 

assessing DM patients' health literacy in Arabic-speaking 

populations [21]. Additionally, sociodemographic 

information was collected, including gender, age, marital 

status, educational level, and monthly income. Other 

information was obtained from patients’ medical files, 

including the medication used and HbA1c readings on the 

day of the visit. 

The JDHLQ is composed of two main parts. The first 

part targets the informative aspect of health literacy, 

assessing how well patients with T2DM can understand, 

evaluate, and apply information related to their condition. 

The informative domain contains five items. The second 

section assesses the communicative domain of HL and is 

composed of three items evaluating DM patients’ ability to 

explain their health condition to healthcare professionals, 

explain the importance of a special diabetic diet, and their 

ability to effectively ask healthcare professionals questions 

(Appendix A). according to the achieved scores of 

JDHLQ, participants were classified into “High” or “Low” 

health literacy based on 80% Bloom's cut-off point. 

Adherence to medications was measured using the 

Medication Adherence Report Scale questionnaire (MARS-

5); a self-report tool with validated Arabic version [22]. 

MARS-5 is a frequently utilized tool to assess adherence to 

medications in chronic diseases. It consists of five items: “I 

forget to take them”, “I change the dose”, “I stop taking them 

for a while”, “I decide to skip a dose”, and “I take medications 

less than instructed”. Reponses are designated as “always”, 

“often”, “sometimes”, “rarely” and “never”. The total score 

accordingly ranges from 5 to 25, with a higher score 

indicating better adherence to medication. (Appendix A). 

Answers to the items in both sections are based on a 

four-point Likert scale with the highest possible score being 

32. The higher the total score, the better the diabetic HL. 

2.2. Sample size calculation. 

The 50 + 8P equation [23]  was employed to calculate 

the minimum required sample size to generate a regression 

model with an adequate level of statistical power. P in the 

equation indicates the number of predictors. The current 

study investigated the association of 12 variables with the 

diabetic control score. Therefore, the minimum required 

sample size was 146 patients. 

2.3. Statistical analysis 

All statistical analyses were conducted using Statistical 

Package for the Social Sciences (SPSS) software version 

26. Continuous variables were summarized as medians 

with interquartile ranges (25th to 75th percentiles), and 

categorical variables were presented as frequencies and 

percentages. To assess the relationship between the 

diabetic control score (the outcome variable) and various 

factors—including gender, age, marital status, education 

level, monthly income, insurance status, medications 

(Metformin, Insulin, Sulfonylureas, and DPP-4 inhibitors), 

and the JDHLQ score—we conducted a quantile 

regression analysis. A p-value of less than 0.05 was 

considered statistically significant. 

 

3. RESULTS 

We enrolled a total of 400 patients out of 442 (response 

rate was 90.5%) with diabetes mellitus in this study, with 

women comprising 68.8% of the participants. Detailed 

sociodemographic profiles are presented in Table 1. The 

median age of the participants was 58 years, ranging from 

50 to 64 years, and the vast majority were married (89.2%). 

Most participants (79.0%) had health insurance, and a 

significant portion had completed only elementary 

education (42.5%). A large majority (81.2%) reported a 

monthly household income of less than 500 Jordanian 

Dinars (about 705 US dollars). Metformin was the most 

commonly used antidiabetic drug (86.7%), followed by 

insulin (37.7%). Thiazolidinediones (TZDs) were the least 

commonly used, with only 1.8% of participants taking 

them. The median score of the JDHLQ was 22 out of 32 

(68.7%), with scores ranging from 18 to 25. The median 

of the MARS-5 adherence score was 21 (19-25). 
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Table1. Sociodemographic characteristics of diabetic patients (n=400). 

 

Median 

(percentile 25-

75) 

Count (%) 

Age 58(50-64)  

HbA1c 8.00 (6.80-10.00)  

Gender Female  275 (68.8%) 

Male  125 (31.3%) 

Education Elementary  169 (42.5%) 

High school  142 (35.7%) 

College/university degree  87 (21.9%) 

Marital status Single  43 (10.8%) 

Married  355 (89.2%) 

Monthly income less than 500 JD  323 (81.2%) 

500 JD or more  75 (18.8%) 

Do you have health Insurance? No  84 (21.0%) 

Yes  316 (79.0%) 

 

 

 

Medicationsa 

Insulin  150 (37.7%) 

Metformin  345 (86.7%) 

DPP-4 inhibitorsb  59 (14.8%) 

GLP-1-and dual GLP-1 GIP 

receptor agonistsc 

 

15 (3.8%) 

SGLT2-Inhibitorsd  12 (3%) 

Sulfonylureas  38 (9.5%) 

Thiazolidinediones (TZDse)  7 (1.8%) 

JDHLQ score 22(18-25) 

JDHLQ category High 89 (22.2) 

Low 311 (77.8) 

MARS-5 score 21 (19-25) 

HbA1c 8 (6.7-9.93) 

a; recruited patients were on one or more hypoglycemic therapy 

b: Dipeptidyl Peptidase IV inhibitors 

c: Glucagon-like peptide-1 and Gastric inhibitory polypeptide receptor agonists 

d: Sodium-Glucose Transport Protein 2 (SGLT2) Inhibitors 

JD: Jordanian dinars, equivalent to $1.41 
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A quantile regression was conducted to determine 

variables associated with the HbA1c levels. Results are 

displayed in Table 2. Higher JDHLQ scores were 

significantly associated with lower HbA1c (-0.050, 95% CI 

[-0.089, -0.011], p=0.011). In addition, patients taking a 

larger number of medications had significantly higher 

HbA1c levels (1.131, 95% CI [0.445, 1.807], p<0.001). 

Moreover, patients who did not have insurance were found 

to have significantly higher HbA1c levels (0.615, 95% CI 

[0.118,1.112], p=0.015). Finally, patients who did not take 

insulin had significantly lower HbA1c levels than those who 

took insulin (-1.433, 95%CI [-2.137,-0.692], p<0.001). 

 

Table 2. Quantile regression analysis of variables influencing the diabetic control score. 

Parameter 
 

Coefficient Sig. 
95% Confidence Interval 

 Lower Bound Upper Bound 

(Intercept)  5.996 <0.001 2.685 9.308 

Age  -0.003 0.706 -0.020 0.013 

JDHLQ  -0.050 0.011 -0.089 -0.011 

Number of medications  1.131 0.001 0.455 1.807 

Adherence score  0.029 0.269 -0.022 0.080 

Gender 

 

Female 0.038 0.867 -0.408 0.483 

Male REF . . . 

 

Educational level 

Elementary school 0.311 0.266 -0.238 0.861 

High school 0.129 0.644 -0.421 0.680 

Postgraduate 

education 

REF . . . 

Marital status 
Single -0.050 0.884 -0.727 0.626 

Married REF . . . 

Income 
500JOD or less 0.591 0.031 0.056 1.126 

More than 500jOD REF . . . 

Health insurance status 
No 0.615 0.015 0.118 1.112 

Yes REF . . . 

Insulin 

 

High school -1.433 <0.001 -2.173 -0.692 

Postgraduate 

education 

 . . . 

Metformin 

 

No 0.858 0.060 -0.036 1.751 

Yes REF . . . 

DPP-4 inhibitorsa 
No 0.633 0.154 -0.238 1.505 

Yes REF . . . 

Sulfonylureas 
No 0.478 0.308 -0.443 1.398 

Yes REF . . . 

a: Dipeptidyl Peptidase IV inhibitors 

REF=Reference group
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4. DISCUSSION 

The prevalence of DM is increasing worldwide due to 

factors such as poor diet, sedentary lifestyle, aging 

populations, and limited access to medical care and health-

related information [24]. The increased incidence of DM 

is particularly pronounced in Jordan [25]. DM can 

contribute to various complications in addition to lower 

life expectancy. Therefore, identifying and managing 

factors that contribute to poor glycemic control in 

Jordanian patients is of central importance. This study 

aimed to investigate the relationship between Jordanian 

diabetic patients' health literacy (HL) and HBA1c levels, 

in addition to exploring other factors significantly 

associated with HBA1c level. 

Our results showed that higher levels of diabetic health 

literacy are linked to lower HbA1c values, evidencing 

better glycemic control. Health literacy in diabetic patients 

influences their medication adherence, self-care behaviors, 

and health-seeking actions—all of which are central 

factors affecting disease progression and glycemic 

management[26]. These findings are consistent with 

previous studies, including cross-sectional research 

conducted in countries like the USA [11], Saudi Arabia 

[27], Ethiopia[26], Denmark [28], and South Korea [29]. 

Moreover, earlier literature has shown that interventions 

focused on improving health literacy have led to 

significant improvements in HbA1c levels [30]. 

Our study found that patients had inadequate diabetes 

health literacy, with a median score corresponding to 

68.7%. Health literacy significantly impacts patients' 

behavior, including medication adherence and self-care 

practices. Therefore, evaluating and enhancing patients' 

health literacy through various strategies can substantially 

improve outcomes for individuals with DM. Developing 

and implementing culturally tailored programs to elevate 

diabetic-related health literacy is essential [21]. 

[18] In the present study, insulin usage was associated 

with higher HBA1c levels. This can be explained by the 

fact that, according to the guidelines, insulin is prescribed 

to T2DM patients who are unable to achieve recommended 

glycemic control with first-line therapy. Therefore, insulin 

is generally reserved for more advanced and refractory 

cases of T2DM [31], as due to the progressive nature of 

the disease, multiple antidiabetic medications may be 

required to achieve recommended glycemic control [32]. 

Poor medication adherence is a crucial factor that leads 

to poor glycemic control and higher HBA1c levels [33]. 

Lower adherence to insulin therapy has been well-

documented in previous studies [34]. Barriers that hinder 

DM patients' insulin adherence include being away from 

home, feeling embarrassed to inject insulin in public, fear 

of hypoglycemia, difficulty remembering to get refills 

from the clinician or to pick them up from the pharmacy, 

depression, health beliefs about medications, fear of pain, 

the burden of multiple daily dosages, cost, side effects, and 

the inherent complexity of insulin regimens [34,35]. 

However, implementing shared decision-making in 

developing an individualized treatment plan has been 

shown to enhance patient adherence [36]. Moreover, 

communicating these barriers to healthcare practitioners is 

a significant way to address them promptly [35]. 

In addition to medication adherence, healthcare 

professionals need to evaluate patients' adherence to self-

care practices such as checking one’s feet, following a 

healthy diet, engaging in physical activity, and monitoring 

blood glucose levels[37]. The observed relationship 

between the use of a higher number of oral glucose-

lowering medications and insulin, and increased HbA1c 

levels, could be explained by a lack of regular assessments 

of adherence to self-care practices by healthcare providers 

before increasing the medication dosage. 

The current study found that patients without health 

insurance had higher HBA1c levels compared to insured 

patients. This is in line with findings of a Canadian study 

[38], and a study conducted in the USA [39]. Thus, 

healthcare costs are a prominent barrier to medication 

adherence among DM patients which may impact 

treatment outcomes. 
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To summarize, the present study found that health 

literacy, insulin use, number of medications used, and 

health insurance status were factors significantly 

associated with patients’ HbA1c levels, which 

cumulatively affected disease outcomes. 

The present study has generated novel findings in the 

field of diabetic-related health literacy in Jordan. These 

findings are of great importance considering the lack of 

similar research in Jordan and the broader region. The 

findings shed light on the gaps in the field and address 

critical factors involved in diabetes management. 

Furthermore, the study provides recommendations tailored 

to the needs of the targeted population. 

Nevertheless, some limitations need to be 

acknowledged. Apart from the information obtained from 

patient records, the present study relied on self-reported 

data, exposing the findings to recall and social desirability 

biases. Furthermore, it is possible that patients who found 

the study objectives interesting were more likely to 

participate, which could have led to selection bias, which 

may lead to skewness in the sample demographics, for 

example most of the current participants were females. 

Furthermore, the present study did not assess other factors 

that may impact glycemic levels, such as depression. 

Nevertheless, the main focus of this research was to assess 

the association between health literacy and glycemic 

levels. Additionally, although the data were collected from 

a single hospital, it was one of the country's largest medical 

facilities and served a substantial number of patients from 

various geographic regions. This diversity allowed for a 

broad sample, potentially enhancing the generalizability of 

our findings. 

 

5. CONCLUSION 

This study closely examined how diabetic health 

literacy influences glycemic control, specifically HbA1c 

levels, in Jordanian patients with T2DM. The results show 

that health literacy is a key factor in effectively managing 

T2DM. Patients who understood their condition better 

tended to have lower HbA1c levels, indicating that 

improving health literacy could lead to better blood sugar 

control. 

These findings are particularly important because there 

is limited research on this topic in Jordan and the 

surrounding region. They offer practical insights that 

healthcare providers and policymakers can use to develop 

strategies aimed at enhancing health literacy and 

improving diabetes management for patients in Jordan. 

The limitations noted, such as the reliance on self-

reported data and potential selection bias, suggest areas for 

further research. Future studies could incorporate more 

objective data collection methods and a broader participant 

base to confirm and expand upon these findings. Overall, 

enhancing diabetic health literacy remains a key strategy 

in the battle against diabetes in Jordan, with the potential 

to significantly reduce the burden of the disease on both 

patients and the healthcare system. 

5.1. Practice implications 

Investigating the prominent factors that have a 

significant role in disease control among T2DM patients in 

Jordan is essential for constructing well-structured 

targeted interventions in order to improve patient 

outcomes and reduce the burden of diabetes on the 

healthcare system. 

Since health literacy greatly affects patients' behavior, 

assessing and improving patients' health literacy can 

significantly enhance diabetic patient outcomes. 

Therefore, applying culturally tailored programs to elevate 

diabetic-related health literacy levels is of great 

importance. 
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 في الأردن HBA1cالعلاقة بين محو الأمية الصحية لمرضى السكري ومستوى 

 
، 1، صفاء محمد القيعية 1، الاء حماد 6 ، فواز الأسمري 5 ، جوديث إبرهاردت2,3,4 ، عنان جرب1 ، وليد القرم*1 عبد القادر البواب

  7زين حسين السبع
 

 ندر لأا، عمان؛ قسم الصيدلة، كلية الصيدلة، جامعة الزيتونة الأردنية1

 الإمارات العربية المتحدة ،أبو ظبي ،جامعة العين ،كلية الصيدلة2
 الإمارات العربية المتحدة  ،أبوظبي ،جامعة العينقسم الصيدلة الإكلينيكية  ،مركز البحوث الصحية والطبية الحيوية بجامعة العين3
 ردنالأ ،جامعة العلوم والتكنولوجيا الأردنية ،كلية الصيدلة4
 المملكة المتحدة ،TS1 3BXميدلسبره  ،طريق بورو ،كلية العلوم الاجتماعية والعلوم الإنسانية والقانون ,جامعة تيسايد ،قسم علم النفس 5
 ةيدو عسلا ،الرياض ،جامعة الملك سعود ،دلةكلية الصي ،قسم علم الأدوية والسموم 6

 الأردنعمان  ،جامعة البترا ،كلية الصيدلة ،قسم الصيدلة 7
  

 ملخـص
تهدف هذه الدراسة إلى استكشاف كيفية تأثير محو الأمية الصحية لمرضى السكري على مستويات الهيموجلوبين : المقدمة
لدى المرضى الأردنيين  -وهي علامة حاسمة للتحكم في نسبة السكر في الدم على المدى الطويل  - HbA1cالسكري 

  .2المصابين بداء السكري من النوع 

مريض مصاب بداء السكري من  400قمنا بتسجيل  ،: على مدى أربعة أشهر في مستشفى عام كبير في عمانلمنهجيةا
 .(JDHLQ)استخدمت الدراسة استبيان محو الأمية الصحية الأردني لمرضى السكري  .في هذه الدراسة المقطعية 2النوع 

  .مية الصحية بين الأفراد الناطقين باللغة العربيةتقوم هذه الأداة التي تم التحقق من صحتها بتقييم محو الأ
 .HbA1cكشفت النتائج عن وجود صلة كبيرة بين درجات محو الأمية الصحية المرتفعة وانخفاض مستويات  :النتائج

- ،HbA1c (95 ٪CI [-0.078في   0.040بانخفاض  JDHLQارتبطت كل نقطة إضافية في  ،على وجه التحديد
0.003]، p = 0.035).   المرضى الذين يتناولون المزيد من الأدوية وأولئك الذين ليس لديهم تأمين لديهم أيضا مستويات

  .HbA1cأعلى بكثير من 

تسلط هذه النتائج الضوء على الدور الحيوي لمحو الأمية الصحية في إدارة مرض السكري بشكل فعال ودعم  :الخلاصة
وتؤكد الدراسة على الحاجة إلى تحسين السياسات في  .ن نتائج المرضى في الأردنتنفيذ البرامج التعليمية الهادفة لتحسي

يعد فهم العوامل الرئيسية التي تؤثر على السيطرة على المرض لدى  :الآثار المترتبة على الممارسة .رعاية مرضى السكري 
وتعزيز  ،لتطوير التدخلات المستهدفة أمرا ضروريا -بما في ذلك تأثير محو الأمية الصحية  - 2مرضى السكري من النوع 

 .وتقليل ضغط مرض السكري على نظام الرعاية الصحية ،نتائج المرضى

 .التحكم في نسبة السكر في الدم ،الأردن ،داء السكري من النوع الثاني ،حيةمحو الأمية الص الكلمات الدالة:
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ABSTRACT 
So far, dietary fibers such as lignin, cellulose, pectin, guar gum, and psyllium have been well-studied for their 

preventive and therapeutical potential using animal and human models, especially for their beneficial effects on 

chronic metabolic conditions like dyslipidemia and related disorders. Dyslipidemia is a dangerous metabolic 

disorder related to hypercholesterolemia, coronary artery disease, and coronary heart disease. Earlier research has 

demonstrated that these dietary fibers can lower high serum lipid levels through different mechanisms. One of the 

most important mechanisms is the modification of gut microbiota. Increasing the abundance of lactic acid bacteria 

(LAB), which can metabolize different dietary fibers like lignin, may potentially reduce the cholesterol level. This 

review aims to provide useful insights and comprehensive discussions about current knowledge related to the 

properties, and the effects of dietary fibers mainly lignin in controlling hyperlipidemia and their effects on gut 

microbiota. Google Scholar, Research Gate, and Scopus are the search engines exploited to collect data by using 

lignin, biopolymers, gut microbiota, and hyperlipidemia as search terms. 

Keywords: Lignin, biopolymers, gut microbiota, hyperlipidemia. 

 

1.  INTRODUCTION 

Dietary fibers are the general term for lignin and 

polysaccharides (e.g. cellulose, mucus, and gums) [1]. 

These fibers can alter gastrointestinal function from the 

mouth to the anus [2] because a large amount of them are 

non-digested and non-absorbed plant carbohydrates by 

endogenous enzymes in the human small intestine [2]. But 

they undergo bacterial fermentation in the large intestine 

which affects the amount and species composition of the 

microbiota [1-3]. This fermentation process improves the 

health of the gut and different organs via the production of 

bioactive metabolites such as short-chain fatty acids that 

lead to changes in the immune system responses, reduction 

of intracolonic pH, and modulations of blood lipid levels 

[2].  

Hyperlipidemia is described by extreme levels of lipids 

(low‐density lipoprotein (LDL), triglycerides (TGs), and 

total cholesterol (TC)) in the blood. High plasma 

concentrations of lipid and lipoprotein fractions are related 

to the development and progression of various diseases, 

such as cardiovascular disease (CVD) and acute 

myocardial infarction (AMI) [4, 5]. Many studies on 

humans and animals have demonstrated the ability of 

dietary fiber such as lignin to reduce cholesterol levels by 

binding to bile acids in the intestine [6, 7]. 

The purpose of the present review is to highlight recent 

findings related to the chemical structure, the properties, 

mailto:moh_alnajjar@asu.edu.jo
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and the effects of dietary fibers mainly lignin in controlling 

hyperlipidemia and their effects on gut microbiota.  

 

2. METHODOLOGY 

The information in this review paper was collected 

from 113 eligible papers that appeared on Google Scholar, 

Research Gate, and Scopus after searching on lignin, 

biopolymers, gut microbiota, and hyperlipidemia terms. 

 

3. DIETARY FIBERS 

3.1. Biopolymers 

The definition of dietary fibers has been changed by the 

scientific community throughout the decades. Dietary fibers 

are comprised of the remnants of plant material that resist 

digestion by human gastrointestinal enzymes. The definition 

includes all indigestible polysaccharides such as celluloses, 

hemicelluloses, oligosaccharides, pectin, gums, waxes and 

lignin [1, 2]. Dietary fibers are categorized into two groups 

depending on their solubility in water; the first group is the 

insoluble fibers that are abundant in lignin, cellulose, and 

hemicelluloses, and the second group is the soluble fibers 

like pectin, guar gums, oat bran, and psyllium [3].  

The irregular properties of polymer surfaces have been 

utilized since ancient times [4]. In fact, unique interfacial 

dynamics and high porosity of polysaccharides make them 

feasible candidates for pharmaceutical lipid adsorption 

applications [4, 5]. Pectin has been extensively evaluated 

for oil capsulation capacity in the digestive tract multiple 

times and after a multitude of clinical trials, was approved 

by the EFSA for the treatment of hypercholesterolemia and 

obesity [4]. The positive effect of dietary fibers on 

human’s cholesterol levels and oil absorption/adsorption 

has been reported in numerous studies [6-10]; however, the 

individual effect and contribution of the lignin to this effect 

have been practically neglected so far.  

3.2. Lignin 

3.2.1. Lignin as the Necessary Polyphenolic Polymer 

in the Plant Structure 

Lignin is the second most abundant natural polymer, 

the largest source of polyphenols and phenolic 

compounds, and the second largest biopolymer available 

on Earth, following cellulose [11, 12], being present in 

plant biomass composition in about 20–35% [13]. The 

term "lignin" comes from the Latin word ‘lignum’, which 

means wood [14]. Many kinds of wood constitute different 

percentages of lignin for example, the fraction of lignin 

varies widely between hardwood 32% and softwood 25%.  

Lignin has a molecular weight that ranges between 700 

and 100.000 Da  and  has a complex structure because of 

aromatic alcohols that are derived from phenylpropanoids 

[15]. These alcohols or monolignols are represented as H 

(p-hydroxyphenyl), G (guaiacyl), and S (syringyl) [15]. 

However, aromatic rings consist of different numbers of 

the methoxy groups [15]. It is characterized by complex 

cross-linked phenyl propane polymer, dark-colored, 

hydrophobic, insoluble in water and 72% sulfuric acid but 

soluble in both strong concentrated acids and concentrated 

bases [15-20].  

Lignin is responsible for providing rigidity to the plant 

cell wall through the lignification process [21], the process 

includes holding the cellulose and hemicellulose fiber 

together which allows plants to expand significantly in size 

and height [15, 16]. Lignification also protects plant cells 

against environmental stress conditions by inhibiting the 

enzymatic hydrolysis of microorganisms and enhancing 

water movement in plants [16, 22-24].  

3.2.2. Lignin extraction challenges and as its industrial 

by-product 

It is almost difficult to extract lignin from plant 

material because of its complex structure that holds 

cellulose and hemicellulose together. Even the typical 

isolation methods such as alkali extraction, extensive 

milling, or enzymatic isolation can't achieve typical 

degradation, high purity, or less contamination of lignin 

[17]. Nowadays, technical lignin (also called native lignin) 

can be generated as a by-product of the industrial process 

(e.g., cellulose pulp from paper production and 

lignocellulose biomass from ethanol production).  
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Industries that use plants as a starting material for their 

processes generate an enormous amount of waste products 

and lignin is considered one of these bio-based waste 

materials, the reason for this, is that the major components 

of interest are still cellulose and hemicellulose, as these 

biomolecules have a clear application pathway [16, 25]. 

The industrial-scale production of technical lignin as the 

scum of the pulp and paper industry occurs after the 

delignification process, being sulfite, kraft, and soda [26, 

27]. Technical lignin can also be obtained from emerging 

biorefining processes, including organosolv (OS), steam 

explosion (SE), ammonia fiber expansion (AFEX), and 

hydrothermal pretreatment (AS) [26, 28-31]. 

Unsurprisingly, the chemical, physical, and technical 

properties of these lignins strongly depend on their origin, 

extraction, and purification processes. The products of 

these methods will differ based on the type of linkage that 

every process aims to cleave. For instance, harsh acidic 

and alkaline conditions will result in the splitting of C-O 

bonds that interrelate the monolignols, cleavage of lignin-

carbohydrate linkage, and sulphonation of the lignin 

aliphatic chain [26, 28-31].  

3.2.3. A Novel Technique to produce Highly Pure 

Lignin 

A number of novel biorefining technologies focus on 

the separation and valorization of the three main biomass 

components: lignin, cellulose, and hemicellulose; 

considering that lignin is no longer a residue but a source 

of potential added value [29, 30]. With today´s society’s 

demand for environmentally friendly processes and 

products, hydrothermal pretreatment (AS) and 

hydrothermal processing (HP) can be considered 

promising methods to obtain high-value lignin, which 

ideally should be sulfur-free, solvent-free, and sustainable. 

A highly pure lignin can be produced using the OS process 

in, which it is separated from the biomass using organic 

solvent (mostly ethanol or methanol) at high temperatures 

(100-250°C) and pressure. OS lignin is soluble in organic 

solvents, has low molecular weights, and contains 

insignificant amounts of carbohydrates and ash [32, 33]. 

Aquasolv lignin is separated from the biomass by 

treatment with compressed water under a pressure ranging 

from 30 to 50 bar, at 180–230 °C for 10–40 min [34-36].   

3.2.4. Lignin in the Commercial and Medical 

Industries 

Lignin has found its way in producing certain 

economic value for biorefineries, where it is mainly used 

for energy production and the literature shows promising 

results for lignin to be applied in chemical synthesis and 

plastic and material applications, however, the efforts to 

valorize this material into goods and to bring these 

applications to the market are yet to be improved. Several 

technical lignins (kraft, soda, lignosulfonates) are already 

being applied in low-value applications such as cement 

admixtures and viscosity modifiers [32, 33]. In addition, it 

can be found in dyes, paints, emulsifiers, binding, 

thermosets, synthetic floorings, and sequestering and 

dispersal agents. OS lignin can be used in formulations of 

resins (i.e., epoxy and phenol-formaldehyde), stabilizers, 

and filler in polyurethane foams, adhesives, and 

dispersants with biocidal properties [32, 33]. Aquasolv has 

been used in aerogels for biomedical applications, 

antioxidant filler in adhesives for human consumption, and 

alternative to activated charcoal [34-36]. Lignin offers the 

stability and mechanical impact as an active filler for 

natural rubber [20]. However, due to the natural properties 

that lignin exerts in nature, the possibility to enter high-

value markets where biobased materials are required is 

endless, for instance, lignin can be used in cosmetic 

formulations, as a natural ingredient and it can be used as 

antioxidant, antifungal, antiparasitic and anticarcinogenic 

activity [16]. Furthermore, lignin produced by novel bio-

refinery processes such as OS is known to be non-

cytotoxic, cheap to produce, and has no interaction with 

the human intestine due to its branched fractions. This has 

led to the evaluation of such lignins as potential oil 

adsorbents and, consequentially, anti-

hypercholesterolemic agents. They can be used against 
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hypercholesterolemia and obesity, also to decrease the 

incidence of chronic degenerative disease [25]. Generally, 

near-nature structured lignins are reported as indigestible 

biopolymers, however, some authors report that small 

parts can be broken down and fermented in the small 

intestine. Others report that only 10 % of lignin is mainly 

digested in the stomach and the rest is indigestible and is 

excreted completely in the stool [19]. Many studies 

reported that lignin can adsorb hydrocarbons and toxins 

[18, 19], and resist bacterial disintegration in the 

gastrointestinal tract more than any other natural polymers 

[15, 16].  

3.2.5. Nano-sized Lignin Applications and Benefits  

A recent study has reported that the incorporation of 

OS lignin into nanoscale zero-valent iron boosts its 

hexavalent chromium detoxification performance in the 

aquatic environment [37]. In recent years, lignin has 

gained considerable attention in synthesizing 

nanoparticles for manufacturing lignin-based 

nanomaterials to take advantage of unexplored lignin in 

high-value-added applications. For example, nano-sized 

lignin has added numerous values to industrial products by 

improving the durability of items such as rubber and 

textiles [38]. Also, enhanced UV shielding, besides, the 

quality, chemical and physical properties. Furthermore, 

lignin nanosized has a wide application in sterile 

biomedical devices, food packing materials, cosmetics 

industrial and tissue engineering [38, 39]. Lignin is the 

most suitable choice in medical research. According to the 

biodegradability, absorption capacity, non-toxic 

properties, antibacterial, antioxidant, and anti-parasite 

activity, lignin nanoparticles with various dosage forms 

have significant potential for drug delivery [40, 41]. Lignin 

nanoparticles as drug delivery are capable of loading 

hydrophobic drugs such as coumarin-6 and hexadecane, 

and hydrophilic drugs such as rhodamine 6G and 

doxorubicin hydrochloride (DOX) for cancer treatment. 

[39]. A recent study has evaluated the efficacy of the 

anticancer drug doxorubicin hydrochloride (DOX) and 

demonstrated the higher efficacy of DOX-loaded folic 

magnetic-functionalized lignin nanoparticles. In another 

study, when lignin was combined with microcrystalline 

cellulose as an excipient in tablets, the results showed a 

significantly enhanced tetracycline release. Also, aspirin 

tablets including lignin showed a higher release rate of the 

active ingredient compared to the tablets without [40]. 

4. Lignin and hyperlipidemia  

4.1. The Potential Effects of Natural Polymers on 

Lowering Cholesterol Level 

In general, natural polymers are known to decrease the 

risk of coronary heart disease by lowering cholesterol level 

in the blood, mainly due to their physical properties, such 

as dispersibility in water, viscosity, binding ability, 

absorptive and gelling capacity as well as fecal bulking 

capacity [42, 43]. Furthermore, soluble and insoluble 

fibers increase the movement of food through the intestine. 

These are associated with a high water-holding capacity, 

which results in an increased viscosity in the 

gastrointestinal tract and promoted the binding ability of 

bile acids in the small intestine. This consequently leads to 

reduce the absorption of cholesterol by bile acids and 

lowers its blood levels [44]. Another benefit is that soluble 

fibers interfere with sugar absorption to reduce the blood 

sugar concentration and provide short-chain fatty acids as 

by-products of fermentation in the colon. While insoluble 

fibers produce bulk effects on feces and the fermentation 

process occurs in the large intestine [6]. The gelling 

capacity of some biopolymers is also used to increase the 

sensation of satiety in consumers, resulting in lowering 

ingestion of potentially high-fat diets. Due to these 

properties, natural polymers such as chitosan, pectin, guar 

gum, and lignin are considered to be interesting candidates 

for the treatment of lipids high blood levels.  

4.2. Overview of Hyperlipidemia  

Hyperlipidemia is a disorder of lipid metabolism 

characterized by excessive accumulation of one or more of 

the lipids in the plasma, such as high serum cholesterol 

level in the bloodstream (>240 mg/dl) [45, 46]. Also, it can 
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be defined as a lipoprotein metabolic disorder associated 

with high (>159 mg/dl) serum low-density lipoprotein 

cholesterol (LDL-C) [47].  Hyperlipidemia is one of the 

most dangerous risk factors for cardiovascular disease 

(CVD), such as coronary heart disease (CHD) 

atherosclerosis, and stroke [48, 49]. A study reported that 

12 million people die because of cardiovascular disease 

each year worldwide and according to the World Health 

Organization (WHO), by 2030, CVD will affect 

approximately 23.6 million people globally [49-51].  

Published studies reported an inverse correlation 

between the low blood level of high-density lipoprotein 

cholesterol (HDL-C) (which is below 40 mg/dl) and 

coronary heart disease. [52, 53]. Accumulation of 

cholesterol and other lipids in the atrial wall is the major 

cause of atherosclerosis, which is considered a key 

complication of cardiovascular diseases, such as acute 

infarction and hypertension [50, 54]. Lifestyle, dietary, 

and genetic disorders (e.g., familial hypercholesterolemia) 

are recognized as contributory risk elements for the 

development of hypercholesterolemia. Clinical trials 

demonstrated that a reduction in low-density lipoprotein 

cholesterol (LDL-C) levels could lower the incidence of 

atherosclerosis and CVD [46]. Another study indicated 

that a 1 % reduction in cholesterol level could decrease the 

risk of coronary heart disease by 2-3 % [51, 55]. 

4.3. Statins medications: Action Mechanisms and Side 

Effects 

Statins medications -which are hydroxy-methyl-

glutaryl-coenzyme-A (HMGCoA) reductase inhibitors- 

are the most widely used for the treatment of 

hyperlipidemia and cardiovascular disease (CVD) in many 

countries [56, 57]. They target hepatocytes and prevent 

HMG-CoA reductase enzyme that converts HMG-CoA 

into mevalonate, mevalonic acid is a precursor for 

cholesterol and non-steroidal compounds, therefore, the 

inhibition of mevalonate production reduces the level of 

cholesterol. Other action mechanisms of statins include: 

the improved uptake and degradation of low-density 

lipoproteins-cholesterol (LDL-C), prevention of the 

lipoproteins, and inhibition of the scavenger receptors 

expression [58].  Statins are efficient in the treatment of 

that condition; however, their intake has been positively 

correlated with various adverse effects like liver failure 

and muscle pain, which may lead to dose reduction or 

discontinuation of the treatment [57]. The most important 

side effect is muscle symptoms which reported about 25% 

of symptoms, including mild myalgia that may affect 

around 10% of statin users [57]. Another side effect is liver 

toxicity, generally, 2 - 3% of reported cases stated an 

increase in the serum liver enzymes [59], and few reports 

are associated with liver failure among statin users [57].     

Due to the negative side effects of statins and the 

overall negative perception by the population in use, many 

research and development activities focus on finding new 

methods to control hyperlipidemia such as dietary 

intervention and natural/herbal products (e.g., 

biopolymers) [47]. This is because, the current 

hypolipidemic medicines are expensive and have serious 

side effects and the natural products show multi-action 

activity among various medical conditions, such as, CVD, 

inflammatory disease, and cancer [49, 51].  

4.4. Lignin as Alternative Choice to Manage 

Hyperlipidemia  

Diets rich in fiber were found to lower the total blood 

cholesterol levels by 26% plus LDL-C levels by 29% in 

normal and hyperlipidemic adults [60]. Moreover, studies 

have shown a decreased risk of hyperlipidemia when 

consuming food rich in antioxidants and biopolymers. 

Lignin is one of the biopolymers with the most potential 

effect to decrease cholesterol level, not only due to their 

functionality and abundance but also due to its low price 

[4, 7-9].    

Generally, the lignin effect and chemical composition 

depend on several factors such as its plant source, the 

extraction process, and biomass used. A new oral 

formulation which includes lignin admixed with 

methylcellulose was investigated for hyperlipidemia 
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treatment. The combination with methylcellulose 

facilitates lignin dispersion in the gastrointestinal tract. 

Therefore, treating hyperlipidemia patients by 

administering lignin results in about a 20% reduction in 

blood cholesterol levels. Lignophenols (LPs) are high-

purity lignin derivatives with ahigh phenolic content, and 

are described as stable molecules, although their 

physiological role is still unclear. Treatment with LPs 

markedly decreased oleate-induced apo-B secretion from 

HepG2 cells in a dose-dependent manner [25]. In general, 

dietary fibers have exhibited several actions on the 

intestine by increasing peristaltic movement, stimulating 

intestinal food passage, increasing feces volume 

andweight, and transit time [43]. Researchers studied the 

impacts of the indigestible residue of foods on the bulk of 

the stool, especially the impacts of cellulose, 

hemicellulose, and lignin on laxation. By analysis of the 

stool, it was found that lignin is digested faster than 

cellulose and hemicellulose and it was found in high 

percentages in the residue that recovered in the stool, while 

cellulose and hemicellulose went through the human gut in 

smaller amounts. Therefore, the number of residues 

disappearing from the gut influences the volume of the 

stool more than the number of residues fed or the amount 

recovered in the stool [61].    

For over five years, Hillman and his coworkers [62] 

focused on the dietary fiber components and their various 

actions on the human body. They conducted many studies 

to determine the impact of daily dietary supplementation 

with pure pharmaceutical citrus pectin 12 g/d, pure alpha-

cellulose 15 g/d, and pure auto-hydrolysis lignin 12 g/d on 

the human body. It was found that cellulose decreased 

stool pH from 6.38 to 6.12, decreased stool pass time by 

27%, and increased in stool weight by 57%. In comparison 

with pectin and lignin, cellulose showed a significant 

change in stool characteristics while pectin and lignin did 

not. On the other side, neither cellulose, pectin, and 

hydrolysis lignin significantly changed serum cholesterol 

levels in healthy subjects over eight weeks [63]. However, 

a study was conducted in diet-induced obese mice, while 

using a lignin-rich fraction of brewer's spent grain. In the 

animal model, body weight gain was significantly reduced 

with all fibers tested, but only the lignin-rich fraction and 

lignin-rich fraction cellulose decreased fasting plasma 

low-density lipoprotein cholesterol and total cholesterol 

compared to the high-fat diet group. The results suggest 

that the consumption of lignin-rich fraction induced 

beneficial systemic changes in mice via gut microbiota, 

bile acids, and gene expression in the liver. More studies 

in the future should focus on through assessments of the 

effect of different types of lignin on the organism’s 

physiology and targeted physiological effects. The 

establishment of a structure-function relationship is crucial 

to unravel the true potential of lignin for high-value 

applications like the case of food, nutraceuticals, and 

pharmaceuticals.  

 

5. MISCELLANEOUS BIOPOLYMERS AND 

TREATMENT OF HYPERLIPIDEMIA 

Polymers synthesized by living organisms are 

considered to be interesting candidates for industry and 

pharmaceutical lipid adsorption.  

5.1. Chitosan in the Previous Studies  

Chitosan is a natural polymer that has been evaluated 

for oil capsulation proficiency in the digestive tract, and it 

is available in the market as a counter (OTC) drug for fat 

adsorbents and hypercholesterolemia treatment [19, 64]. 

5.2. Cellulose in the Previous Studies  

Another example of a biopolymer that is used to 

improve lipid profile is cellulose, a polysaccharide that is 

the most prominent component of plant cell walls [6]. The 

effect of cellulose didn’t exert any significant change on 

serum lipids of high-fat diet rats models for six weeks [65].  

On the other hand, the effect of cellulose was examined in 

healthy volunteers, after three weeks of treatment with 

cellulose, there was no significant change in serum 

cholesterol levels but the weight of the feces was changed 

[66].  In other studies, doses of 15-20 g/dL of cellulose 
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were given to adult volunteers for four weeks and it was 

observed that a small increase in stool output can be 

achieved [66]. Evaluation of hypolipidemic impacts of 

dietary insoluble fibers has been extensively investigated 

in mice, for instance, a study in which mice were fed a 

high-fat diet over three weeks found that serum cholesterol 

levels can be decreased when using three types of fiber 

(cholestyramine, chitosan, and cellulose). In particular, 

cholestyramine, which resulted in decreased lipid 

absorption and increased fecal bile acid output. In contrast, 

cellulose did not affect cholesterol absorption or fat 

excretion in mice [67]. In a similar study, the effect of 

cellulose on lipid metabolism in rats was compared with 

that of other soluble dietary fibers such as pectin and guar 

gum. Cellulose-feeding mice showed the highest blood 

cholesterol levels and body weight gain compared to 

pectin and guar gum-feeding mice. Moreover, pectin and 

guar gum with high molecular weight were more effective 

in fecal fat excretion and bile acids than cellulose [44]. The 

viscosity of the guar gum in the stomach is one of the 

important reasons for its ability to reduce total cholesterol 

in humans and animal models. The high viscosity can 

influence the absorption and the digestion of food. Guar 

gum has been found to prolong the retention of chyme in 

the intestine slowing down the food digestion process, 

thus, resulting in lower total cholesterol levels. The 

mechanisms of action for pectin have been well-studied in 

the literature.  

5.3. Pectins in the Previous Studies  

Pectins are natural polymers composed of groups of 

polysaccharides and are mainly obtained from fruits and 

vegetables. Currently, they are commercially extracted 

(citrus peel or apple pomades) by chemical or enzymatic 

methods [68]. The mucilaginous fibers such as pectin, guar 

gum, and oat bran form gel in the small intestine which 

interferes with the absorption of total cholesterol and bile 

acids [69]. Different gelling fibers might achieve 

approximately a 7% reduction in total cholesterol levels. 

Pectin showed an effective decrease in plasma cholesterol 

levels and liver cholesterol synthesis among animal 

models such as rats, hamsters, chickens, and rabbits, where 

dosages of 6-15 g/day for 4 weeks [70]. Many studies 

conducted on rats and healthy adults recommended pectin 

with a high methoxyl group as an effective hypo-

cholesterolemic agent [71, 72]. Thereafter, low-methoxyl 

pectin presented the most hypolipidemic effects when the 

low-fat diet was given to rats, but regarding the high-fat 

diet, pectin had no impact on serum lipids [65, 73]. 

Although, using high methoxyl pectin in young healthy 

adults showed a significant alleviation in blood 

cholesterol, there was no difference in using high methoxyl 

pectin on fecal lipids compared to pectin with less 

methoxyl content [71].  This result could be understood 

from the capacity of pectin in forming gel, which is 

required in lowering the cholesterol levels rather than 

differences in bile acid binding due to different methoxyl 

contents [71].  

5.4. Guar Gum in the Previous Studies  

Guar gum is derived from the endosperm of Cyamopsis 

tetragonoloba. Chemically, guar gum is a mixture of 

polysaccharide consisted of galactose and mannose [68]. It 

forms a highly viscous gel when dissolved in water.  

Studies showed that guar gum has a strong influence on 

reducing cholesterol levels and body weight in 

hyperlipidemic rats [43]. Also, the impact of guar gum on 

healthy rats was investigated for 28 days, the results 

revealed that guar gum markedly decreased total 

cholesterol levels (TC), triglyceride (TG), low-density 

lipoprotein (LDL) as well as high-density lipoprotein 

(HDL). These results concluded that guar gum had 

hypolipidemic effects in both hyperlipidemic and normal 

rats which may prevent atherosclerosis [74]. The effect of 

guar gum was also studied in patients with primary 

hyperlipidemia over six weeks. The results showed that the 

blood cholesterol and LDL levels decreased as compared 

to the control group. Clinically, guar gum has been used in 

treating patients with type two hyperlipidemia to reduce 

total cholesterol levels [69, 75]. It was noticed that the 
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stool volume and output frequency in humans given 

partially hydrolyzed guar gum were high, which might be 

related to the ability of guar gum to lower serum 

cholesterol levels by increasing cholesterol elimination as 

fecal bile acids [75-77]. 

5.5. Psyllium in the Previous Studies   

Psyllium is derived from the psyllium seed husk (PSH) 

of Plantago ovate. Studies on PSH showed that its gel-

forming carbohydrate is not able to be fermented, this non-

fermentation is responsible for the laxative and 

hypolipidemic activity [78]. This laxative effect alleviates 

constipation through absorbing water from the 

gastrointestinal contents and consequently increasing stool 

volume [78]. As a hypolipidemic, the impact of psyllium 

was studied in subjects that were administrated 9.6 g of 

psyllium per day into their usual diets for over five weeks. 

The results showed that there was a decrease in blood lipid 

levels by 9% [60]. Another study demonstrated a reduction 

in total cholesterol and LDL concentration of about 5-17%, 

and 8-20% respectively. This reduction was observed in 

mild to moderate hypercholesterolemic patients when 

psyllium was incorporated as 3.4–10.2 g three times daily 

for 12 weeks [60, 69]. Moreover, a meta-analysis study 

was performed on hypercholesterolemia patients 

consuming psyllium-enriched cereal as a part of the low-

fat diet, results also showed lowered cholesterol levels and 

LDL concentrations [6]. 

5.6. Oat and Wheat Bran Fibers in the Previous Studies   

Oat bran dietary fiber has a lower density than wheat 

bran dietary fiber, it contains 50% of water-soluble fiber, 

whereas wheat bran contains 8% of water-soluble fiber. 

However, oat and wheat brans influence lipid metabolism 

differently. A study that evaluates the impacts of oat and 

wheat brans on lipid profile in healthy adults showed that 

oat bran significantly lowers cholesterol and LDL blood 

levels, but, no significant change was noted with wheat 

bran [79]. In an in vivo study, wheat bran demonstrated no 

hypolipidemic effect in rats fed on both the low and high-

fat diet but showed decreased VLDL and lowered serum 

TG with the high-fat diet  [65]. Borel et. al (1989) reported 

in their study that wheat bran had no impact on human lipid 

profile whereas in rats it decreases total cholesterol and 

triglyceride in the liver [80]. In another study, the effects 

of oat and wheat brans on human large bowel were 

determined. The results showed that oat bran increases fat 

excretion and stool weight by fermentation of soluble fiber 

in the colon [81]. In hyperlipidemic men, oat bran 

demonstrated a reduction in total cholesterol levels 

through decreasing bile acid and cholesterol absorption 

and stimulating fecal bile acid excretion [82].  

 

6. GUT MICROBIOTA 

Microbes live on all human body surfaces, but a 

significant number of these microbes habitat in the 

gastrointestinal tract. The human gut contains more than 

10000 microbial species that form a complex ecological 

community called gut microbiota. Bacteria are classified 

into aerobic and anaerobic organisms, the latter is the most 

bountiful of gut microbiota such as members of the phyla 

Firmicutes, Bacteroidetes, Bifidobacterium, Clostridium, 

Eubacterium, Ruminococcus, Peptococcus, and 

Peptostreptococcus. The main facultative anaerobic 

bacteria are Escherichia, Enterobacter, Enterococcus, 

Klebsiella, Lactobacillus, and Proteus [83, 84]. The gut 

microbiota has important benefits on host metabolism, 

immune system, vitamin synthesis, protection against 

different diseases, improving angiogenesis, and regulation 

of lipid storage. For example, some bacteria ferment the 

undigested food to produce short-chain fatty acids such as 

acetic, propionic, and butyric acid which are rapidly 

absorbed from the colonic mucosa to supply energy to the 

epithelial cells [85]. Due to this, the gut microbiota has 

lately been defined as a “vital organ” because of its multi-

interactional with other organs through several pathways 

such as the immunological, and metabolic paths. Any 

imbalance in the gut microbial diversity not only leads to 

gut-related problems but also affects other organ-related 

diseases such as gastrointestinal disease, obesity, 
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colorectal cancer, and hyperlipidemia [83, 84]. Gut 

microbiota diversity depends on several host factors such 

as diet, age, and environmental factors [86]. However, diet 

is now considered one of the main factors in changing the 

gut microbiota; thus, this manipulation of the microbiota 

could be used as a therapeutic approach to inhibit or treat 

several diseases. Diet, probiotics, antimicrobials, and fecal 

microbiota transplant are considered potential strategies 

for microbiota manipulation [84].  

6.1. Lignin and gut microbiota  

The resistance of lignin to breakdown both in the 

environment and the gastrointestinal tract is higher than 

cellulose and hemicellulose. For this reason, lignin is one 

of the materials that is harder to valorize as the conditions 

for depolymerization and further use are expensive and use 

harsh chemical conditions.  Bacteria are known to degrade 

lignin belong to actinomycetes, some Firmicutes, α-

proteobacteria, and γ-proteobacteria [23]. These are 

responsible for lignin biodegradation through producing 

three enzymes, lignin peroxidases (LiPs), manganese 

peroxidases (MnPs), and laccases. These enzymes are 

responsible for the breakdown of lignin bonds by 

depolymerization processes, such as catalytic reduction, 

hydrolysis reaction, and catalytic oxidation [14, 23]. The 

expression of these enzymes differs based on the 

microorganism, many strains with the best-known 

degrading ability of lignin were identified in γ –

proteobacteria, specifically, Pseudomonas fluorescens 

(produce lignin peroxidase), Pseudomonas putida 

(produce manganese peroxidase), and Escherichia coli 

(produce laccase). Moreover, lignin-degrading enzymes 

were identified in wood-degrading fungi, which mostly 

live as saprotrophs or parasites in ecosystems [14, 23]. All 

types of fungi, particularly white-rot fungi can degrade 

lignin totally to CO2 and H2O. For example, Marasmius 

quercophilus producing laccase, and Agaricus bisporus 

producing laccase and manganese peroxidase [14, 23, 87].  

6.1.1 lignin degradation by human gut microbiota 

In general, maintaining a good and healthy gut 

microbiota plays a key role in our health, gut microbiota 

helps control the digestive and benefit the immune system, 

thus having an impact on several health aspects. An 

imbalance or unhealthy population of microbes in the 

intestine can significantly contribute to weight gain, high 

blood sugar, and high cholesterol as well as other 

disorders. The effect of lignin, especially alkali lignin from 

brewer’s spent grain, was studied on the gut microbiota 

[88]. The soluble fraction of lignin obtained after 

enzymatic hydrolysis was found to be altered in the in vitro 

colon fermentation. Conversely, the insoluble lignin 

fraction remained unaltered. Another important finding of 

this study is that none of the fractions evaluated inhibited 

the growth of Lactobacillus and Bifidobacterium bacteria, 

concluding this as a very positive outcome [88]. For the 

soluble fraction of the alkali lignin, if metabolites are 

formed during its fermentation, it will be important to 

assess the health- effects of these, thus opening new 

research fields and applications for lignins.  

6.1.2 lignin degradation by animals’ gut microbiota 

A very limited range of organisms can decompose lignin 

more than cellulose. For example, some bacteria and white-

rot basidiomycetes are considered as the primary degraders of 

lignin by producing oxidative enzymes [89]. Terrestrial 

animals such as termites use lignin as a nutrient resource. The 

role of gut microbiota in cellulose degradation in termites has 

been well documented, but lignin degradation in termites 

remains unclear. Several bacteria have been isolated from 

termites that exhibit degradation capabilities of lignin such as 

Acinetobacter calcoaceticus from Mastotermes darwiniensis 

termite, Bacillus firrnus from Reticulitermes santonensis, 

Comamonas acidotvorans from Nasutitermes nigriceps, and 

Rhodococus erythropolis  [90-92]. Moreover, the degradation 

of lignin and lignin-derived aromatic compounds by the gut 

microbes was studied in termites-feeding guilds such as 

wood, soil feeders, and fungus cultivators [91]. Recent results 

demonstrated that bacterial degradation of lignin in the guts 

of wood-feeding termites such as Nasutitermes lujae and 

Reticulitermes flavipes have a profound impact on aromatic 
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compounds only in the presence of oxygen [91].  

Ruminant animals consume lignin-including grasses but 

can only digest the polysaccharides, this happens with the 

microbial biodegradation of cellulose and hemicellulose in 

the rumens [17]. Ruminants can exploit fiber components 

such as lignin efficiently because their digestive system 

depends on microbial degradation in the stomach [93]. 

However, the microbial activity in the rumen showed a 

potential breakdown of benzyl ether bonds of lignin under 

anaerobic conditions. [94]. It has been found that fungi are 

capable of degrading the lignocellulose complex to its 

fractions e.g. cellulose, hemicellulose, and lignin. Twelve 

species of Cyathus were isolated from cattle dung to evaluate 

lignin biodegradation in kenaf by fermentation of the sum of 

14C released into solution and 14C released into the gas phase 

over a month. Three species were able to remove lignin more 

rapidly than other species e.g. Cyathus pallidus, C. africanus, 

and C. berkeleyanus. While Cyathus canna has particularly  

the greatest degradation observed of lignin than other plant 

parts [95]. In wheat straw, Cyathus stercoreus showed great 

lignin degradation as matched with cellulose [96]. The 

extraction of lignin was using alkaline media, and the samples 

were taken from cow dung and other sources. The most 

collective positive results came from Pseudomonas sp which 

acts as a lignin-degrading bacteria by oxidative enzymes [97]. 

Further studies on the giant panda discovered that it lacks 

lignin-degrading enzymes, which are responsible for 

lignocellulose digestion. It was proven that Pseudomonas 

putida and the mangrove forest bacteria were integrated with 

lignin degradation by laccase enzyme. The microbial gut flora 

of giant panda indicated that lignolytic enzymes may facilitate 

lignin breakdown [98].   

6.2. The effect of other biopolymers on gut 

microbiota 

6.2.1 Degradation of cellulose and hemicellulose by 

gut microbiota 

Although only soluble fibers can be fermented by 

colonic microbiota insoluble are poorly fermented by gut 

microbiota [99], the effect of insoluble fibers on gut 

microbiota was investigated. In a recent paper by Kim et 

al. (2020), it was found that small amounts of cellulose are 

fermented by mammalian gut microbe while the rest is 

poorly fermented by non-mammalian gut microbes [100]. 

Contrary to giant pandas, degradation of cellulose inside 

the rumen has been associated with bacterial phyla 

Firmicutes and Fibrobacteres [101], because the 

composition of their digestive system lacks the necessary 

enzymes, which are responsible for cellulose digestion 

[102]. One of the studies suggested a new alternative 

method for cellulose degradation by utilizing rumen 

Bacteroidetes and polysaccharide utilization locus-

catalyzed conversion of cellulose [101]. The beneficial 

role of cellulose has been performed on the gut microbiota 

of mice for 3 months.  Akkermansia, Parabacteroides, 

Lactobacillus, Clostridium, Eisenbergiella, 

Marvinnbryantia, and Romboutsia were moer abundant in 

a high cellulose diet than a low cellulose diet, these 

findings indicated that cellulose can play a prominent role 

in maintaining gut hemostasis [100]. Effects of cellulose 

on the gut microbiota of aquatic animals have been studied 

on Atlantic salmon, only Staphylococcus equorum 

reported high production of cellulase enzyme [103].  

6.2.2 Degradation of pectin by gut microbiota 

One of the studies on dietary fiber like pectin detected 

that the levels of Lachnospira, Dorea, Clostridium, and 

Sutterella were increased after pectin fermentation by the 

human fecal microbiome, as well as increased in short-

chain fatty acids (acetate and butyrate) levels after 

incubation with pectin [104]. Different sources of pectin 

also modulated human fecal microbiota, for instance, soy 

pectin showed a positive impact on Lactobacillus rumis 

[99]. In rats, fecal microbiota composition was assessed 

before and after citrus pectin supplementation, which led 

to an increases in the members of Prevotellaceae and 

Ruminococcaceaewith no considerable changes were 

associated with pectin supplement in the gut microbiota 

[105]. In comparison with high-fat diet, apple-derived 

pectin has restored the normal levels of Bacteroides and 
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Lactococcus in the gut microbiota of rats [106].  

6.2.3 Degradation of Guar gum and psyllium by gut 

microbiota 

Guar gum is considered one of the beneficial soluble 

fibers on gut microbiota. In an in vivo study, the intake of 

partially hydrolyzed guar gum increased the levels of fecal 

beneficial bacteria Bifidobacterium and Lactobacillus 

[85]. In another in vivo study, it has been reported that 

short-chain fatty acids such as butyric acid are stimulated 

by fecal fermentation of partially hydrolyzed guar gum 

[85]. Furthermore, the impacts of hydrolyzed guar gum on 

gut microbiota and bowel movements revealed that genus 

levels of Bifidobacterium, Ruminococcus, and 

Megasphaera were increased, and the bowel movements 

were improved by consumption of hydrolyzed guar gum 

[107]. Additionally, guar gum has proven to prevent 

inflammatory bowel disease such as colitis in mice by 

adjusting gut microbiota [108]. Moreover, guar gum 

increased the abundance of Bifidobacterium in Wister rats 

using different viscosity preparations [99].  

One of the recent studies investigated the effect of 

psyllium on constipation and gut environmentand showed 

that psyllium supplementation to healthy volunteers had 

significantly increased Veillonella and decreased 

Subdoligranulum [109]. In contrast, in constipated 

patients, the abundance of Lachnospira, 

Faecalibacterium, Phascolarctobacterium, Veillonella, 

and Sutterella was increased, and the levels of acetate and 

propionate were different [109].  

Recently, researchers have been paying attention to 

cereal fibers and their activity on gut microbiota. The 

majorities of research have explored the potential effect of 

wheat bran on the gut environment on healthy 

adults.Bacteroidetes, Firmicutes, and Actinobacteria 

increased after the consumption of wheat bran [110]. 

Furthermore, one of the studies reported an increase in 

lactobacilli and bifidobacteria in total fecal bacteria levels 

after taking wholegrain oat granola by hyperglycemic or 

hypercholesterolemic patients [110].   

 

Table 1. Quick Information in Brief 

Dietary 

Fibers 
Biological Mechanisms 

Biological Effect on Lipid 

Profile 
Biological Effect on Gut Microbiota 

Cellulose 

-Increases bowel movements and fecal 

output [66]. 

-Decreases stool pH [62]. 

-No significant effect on serum 

lipids [65]. 

-Increases beneficial bacteria like  

Akkermansia, Parabacteroides, 

Lactobacillus, Clostridium, Eisenbergiella, 

Marvinnbryantia, and Romboutsia [100]. 

Pectin 

-Forms gel in the small intestine which 

interferes with the absorption of total 

cholesterol and bile acids [69]. 

- The gelling capacity increases the 

sensation of satiety in consumers and 

reduces the ingestion of high-fat diets [6]. 

-Lowers total cholesterol and 

liver cholesterol synthesis [70]. 

 

-Increases beneficial bacteria like  

Lachnospira, Dorea,  Clostridium, and 

Sutterella [104]. 

-Boosts SCFA production (acetate, butyrate) 

[104]. 

Guar 

Gum 

-Increases the stool volume and output 

which leads to eliminating the 

cholesterol as fecal bile acids [75-77]. 

- The gelling capacity increases the 

sensation of satiety in consumers and 

reduces the ingestion of high-fat diets 

[6]. 

-Decreases total cholesterol levels 

(TC), triglyceride (TG), low-

density lipoprotein (LDL),  and 

body weight [43]. 

-Increases beneficial bacteria like  

Bifidobacterium, Lactobacillus;  

Ruminococcus, and Megasphaera [85]. 
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Dietary 

Fibers 
Biological Mechanisms 

Biological Effect on Lipid 

Profile 
Biological Effect on Gut Microbiota 

Psyllium 

-The laxative effect alleviates 

constipation by absorbing water from 

the gastrointestinal contents and 

consequently increasing stool volume 

[78]. 

-Lowers cholesterol levels and 

LDL concentrations [6]. 

-Increases beneficial bacteria ( Veillonella) 

and decreased harmful bacteria 

(Subdoligranulum) [109] 

Oat Bran 

- Increases fat excretion and stool 

weight [81]. 

-Decreases bile acid and cholesterol 

absorption [82]. 

-Stimulates fecal bile acid excretion 

[82]. 

- Significantly lowers cholesterol 

and LDL levels [79]. 

-Increases beneficial bacteria ( lactobacilli 

and bifidobacteria) [110][110]. 

Wheat 

Bran 

-Increases the movement of food 

through the intestine [44]. 

-No impact on human lipid 

profile [79]. 

-Increases beneficial bacteria ( 

Bacteroidetes, Firmicutes, and 

Actinobacteria) [110] 

Chitosan 

- The gelling capacity increases the 

sensation of satiety in consumers and 

reduces the ingestion of high-fat diets 

[6]. 

-Decreases the absorption of dietary fats 

[19, 64]. 

 

- Decreases cholesterol level [6]. 
 

Lignin 

 

Binds to bile acids in the intestine [6, 7]. 

- Increases peristaltic movement, 

stimulats intestinal food passage, 

increase feces volume and weight, and 

transit time [43]. 

- The gelling capacity increases the 

sensation of satiety in consumers and 

reduces the ingestion of high-fat diets 

[6]. 

- Decreases  cholesterol levels [4, 

7-9].    

-Increases beneficial bacteria ( Lactobacillus 

and Bifidobacteri) [88]. 

 

7. CONCLUSION 

It is obvious that each polymer has a unique feature or 

characterization that allows it to influence hyperlipidemia 

and the gut microbiota of both animals and humans. The 

type of dietary fiber whether soluble or insoluble (lignin, 

cellulose pectin, or guar gum, etc.) associated with 

different mechanisms of action, has demonstrated 

beneficial effects on high cholesterol levels in the blood 

accounting in several studies that are included in this 

review. Furthermore, many studies revealed that 

biopolymers could be used not only in prevention but also 

in the treatment of hyperlipidemia and its related 

complications. In addition, positive impacts were reported 

on the normal bacterial community by consuming 

biopolymers. Different biopolymers can support different 

useful groups of gut microbiota; thus, protecting the health 

of the gut. Taken together, it has been demonstrated that 

over the years the possibilities of using biopolymers in 

many applications aspects in the research fields have 

increased. The physicochemical and structural 

diversification of biopolymers such gel-forming, 

texturing, thickening, interfacial adsorption ability, and 

health-associated properties give them the potential use in 

the food and nutraceutical industry which is expected to 
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grow over the next years.  But so far, there are limited 

studies on the bright aspects of dietary fibers, specifically 

lignin. Future research is still needed to investigate the 

effectiveness of lignin when combined with current anti-

hyperlipidemia drugs, possibly using nanoparticle 

technology, for example. 
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 تأثير اللجنين والبوليمرات الحيوية الأخرى على فرط شحميات الدم وميكروبات الأمعاء

 
  *1مد أ.أ. النجار، مح5بافيل غوريكوف ، 4، حسام أبا زيد 3، تمارا عثمانة 2، جوانا جيل شافيز1إليزا حسن ، 1أميرة أبو عمر

 
 قسم العلوم الصيدلانية والصيدلانيات، كلية الصيدلة، جامعة العلوم التطبيقية الخاصة، عمان، الأردن1
 معهد عمليات الفصل الحراري، جامعة هامبورغ للتكنولوجيا، هامبورغ، ألمانيا2
 نمركز النانو تكنولوجي، جامعة العلوم والتكنولوجيا الأردنية، إربد، الأرد3
 قسم الصيدلة السريرية العلاجية، كلية الصيدلة، جامعة العلوم التطبيقية الخاصة، عمان، الأردن 4
 غ للتكنولوجيا، هامبورغ، ألمانيامختبر تطوير ونمذجة المواد النانوية المسامية الجديدة، جامعة هامبور  5

  

 ملخـص
والبكتين وصمغ الغوار والسيليوم، بشكلٍ مُكثّف لإمكاناتها حتى الآن، دُرست الألياف الغذائية، مثل اللجنين والسليلوز 

الوقائية والعلاجية باستخدام نماذج حيوانية وبشرية، وخاصةً لتأثيراتها الإيجابية على الحالات الأيضية المزمنة، مثل 
رًا يرتبط بارتفاع يُعدّ اضطراب شحميات الدم اضطرابًا أيضيًا خطي. اضطراب شحميات الدم والاضطرابات المُرتبطة به

أظهرت أبحاث سابقة أن هذه الألياف الغذائية قادرة على  .كوليسترول الدم، ومرض الشريان التاجي، وأمراض القلب التاجية
. ومن أهم هذه الآليات تعديل ميكروبات الأمعاء. خفض مستويات الدهون المرتفعة في المصل من خلال آليات مختلفة

، القادرة على استقلاب أنواع مختلفة من الألياف الغذائية مثل اللجنين، قد تُخفض (LAB)فزيادة بكتيريا حمض اللاكتيك 
تهدف هذه المراجعة إلى تقديم رؤى مفيدة ومناقشات شاملة حول المعارف الحالية المتعلقة بخصائص  .مستوى الكوليسترول

تُستخدم . نين، في التحكم بفرط شحميات الدم وتأثيراتها على ميكروبات الأمعاءوتأثيرات الألياف الغذائية، وخاصةً اللج
محركات البحث جوجل سكولار، وبوابة الأبحاث، وسكوبس لجمع البيانات باستخدام اللجنين، والبوليمرات الحيوية، 

 .وميكروبات الأمعاء، وفرط شحميات الدم كمصطلحات بحث

 .يمرات الحيوية، ميكروبات الأمعاء، فرط شحميات الدماللجنين، البول الكلمات الدالة:
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ABSTRACT 
Objective: Cardiometabolic abnormalities are still prevalent in young individuals. This research aims to 

investigate associations between obesity, cardiometabolic risk factors, and insulin resistance (IR) in apparently 

healthy young adults. 

Methods: This cross-sectional study involved 70 obese and 70 age/gender matched young adults with normal 

body weight. Serum glucose, insulin, lipids, and homocysteine were measured. IR was determined using 

Homeostasis Model Assessment-IR (HOMA-IR). Systolic (SBP) and diastolic (DBP) blood pressures were 

measured. Other data were self-reported.  

Results: Obese participants exhibited higher SBP, DBP, glucose, triglycerides (TGs), cholesterol, low-density 

lipoprotein (LDL), insulin, and HOMA-IR, and lower high-density lipoprotein (HDL) compared to healthy weight 

participants (p-values<0.01). Body mass index (BMI) was correlated with SBP, DBP, glucose, insulin, HOMA-

IR, cholesterol, LDL, TGs, and was inversely correlated with HDL (p-values<0.01). HOMA-IR was correlated 

with SBP, DBP, cholesterol, LDL, and TGs, and was inversely correlated with HDL (p-values<0.01). Participants 

with IR had higher BMI, SBP, DBP, cholesterol, LDL, and TGs compared to participants with normal insulin 

sensitivity (p-values<0.05). Obesity was associated with increased SBP, TGs, insulin and HOMA-IR (p-

values<0.05). There was no significant difference in homocysteine between groups (p-value>0.05).  

Conclusion: Obesity is associated with increased cardiovascular risk and increased prevalence of IR in apparently 

healthy young adults. Pharmacological and behavioral interventions are urgently needed to manage increased 

cardiovascular risks among this age group.  

Keywords: Obesity, young adults, cardiovascular risk, insulin resistance. 

 

INTRODUCTION 

Obesity is defined as an excessive or abnormal body fat 

accumulation that presents a risk to health.[1] Overweight 

and obesity are increasingly prevalent because of the 

modern life that encourages sedentary lifestyles and 

consumption of unhealthy fast food and sugar-rich drinks.[2] 

According to the latest statistics, the worldwide prevalence 

of obesity has almost tripled since 1975.[3] In Jordan, age-

standardized prevalence of overweight and obesity among 

women was 70.6% as reported in the year 2021.[4] 

In addition to its adverse socioeconomic 

consequences,[5] obesity represents a global health concern 

in all age groups as it is associated with increased risk of 

cardiometabolic complications.[6] It increases the risk of 

developing cardiovascular diseases (CVDs), insulin 

resistance (IR), Type 2 diabetes mellitus,[7, 8] and some 
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types of cancers,[9] which are considered as leading causes 

of mortality and morbidity.[10] It also adversely affects 

mental health, musculoskeletal system, and is linked to 

sexual dysfunction.[11-13] 

Cardiovascular diseases (CVDs) are considered as a 

major cause of death all over the world, nearly 20.5 million 

people died from CVDs in the year 2021, with a rate higher 

in low to middle income countries.[14] Obesity is mainly 

associated with increased risk of heart failure, coronary 

artery disease, and cerebrovascular diseases.[15] The 

mechanisms through which obesity increases the risk of 

CVDs include changes in body composition that affects 

hemodynamics and alters heart structure.[16-18] 

Accumulation of visceral fat is particularly associated with 

increased risk of CVDs.[19] 

In addition to obesity, several modifiable risk factors 

contribute to the development of CVDs. These include 

smoking, high blood pressure, elevated low-density 

lipoprotein (LDL), decreased high-density lipoprotein 

(LDL), hypercholesterolemia, hypertriglyceridemia, 

sedentary lifestyle, diabetes mellitus,[20] as well as 

hyperhomocysteinemia.[21] While non-modifiable 

cardiovascular risk factors include age, gender, ethnicity, 

race, and genetics.[22]  

While increasing numbers of studies examining the 

correlation of metabolic parameters and cardiovascular 

risks in obese individuals, such correlation in healthy 

young subjects is not sufficiently recognized. 

Additionally, growing evidence suggests prevalence of 

cardiovascular abnormalities in apparently healthy, and 

particularly young individuals.  Indeed, the number of 

young adults with cardiovascular events is increasing, 

and only one out of four American young adults (18 – 44 

years old) had an ideal cardiovascular health.[23] 

Therefore, we aimed to assess cardiometabolic risk 

factors among young obese adults compared to 

age/gender matched adults with healthy body weight. 

The relationship between obesity and other 

cardiometabolic risk factors in young adults needs to be 

investigated to predict susceptibility to developing 

cardiometabolic diseases in the future. We hypothesized 

that obese young adults have a higher risk of developing 

cardiometabolic diseases compared to subjects with 

healthy body weight. To achieve this, we aimed to assess 

the relationship between obesity and cardiovascular risk 

variables including lipid profile, blood pressure, 

smoking, homocysteine, blood glucose, and insulin.  

Additionally, we aimed to assess IR in the study groups 

and its association with obesity and other 

cardiometabolic risk factors. 

 

RESULTS  

Differences in cardiovascular and metabolic risk 

factors between obese participants and participants with 

healthy body weight 

As shown in Table 1, obese participants exhibited 

significantly higher levels of BMI, SBP, DBP, fasting 

glucose, fasting insulin, TGs, total cholesterol, LDL, and 

HOMA-IR, and lower levels of HDL compared to 

participants with healthy body weight (p-values < 0.01).  

Homocysteine levels of all participants were within the 

normal range and there was no significant difference in 

homocysteine between obese participants and participants 

with healthy body weight (p-value = 0.34). In addition, 

there was no significant difference in smoking, marital 

status, education, number of family members, average 

family income, family history of CVDs and diabetes, and 

doing regular exercise between obese participants and 

participants with healthy body weight (p-values > 0.05).    
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Table 1: General characteristics and differences in study variables between obese participants and participants 

with healthy body weight. 

Variable 
All participants 

(n= 140) 

Participants with healthy body 

weight (BMI = 18.5-25 Kg/m2) 

(n= 70) 

Obese participants 

(BMI > 30 Kg/m2) 

(n= 70) 

P-value* 

Age (Years) 25.44±4.30 24.91±4.03 25.96±4.52 0.15 

BMI (Kg/m2) 29.22±7.98 22.37±1.90 36.07±5.42 <0.001 

Gender 

 Male 

 Female 

 

70 (50) 

70 (50) 

 

35 (50) 

35 (50) 

 

35 (50) 

35 (50) 

 

1.00 

Smoking 

 Yes 

 No 

 

49 (35) 

91 (65) 

 

27 (38.6) 

43 (61.4) 

 

22 (31.4) 

48 (68.6) 

 

0.48 

Marital status 

 Single 

 Married 

 

104 (74.3) 

36 (25.7) 

 

56 (80) 

14 (20) 

 

48 (68.6) 

22 (31.4) 

 

0.18 

Education 

 Secondary school 

 University 

 

34 (24.3) 

106 (75.7) 

 

17 (24.3) 

53 (75.7) 

 

17 (24.3) 

53 (75.7) 

 

1.00 

Employment  

 Yes 

 No 

 

80 (57.1) 

60 (42.9) 

 

30 (42.9) 

40 (57.1) 

 

30 (42.9) 

40 (57.1) 

 

1.00 

Number of family members 6 (4-8) 6 (4.25-8) 6 (4-8) 0.44 

Average family income 

 ≤ 500 JD 

 501 – 1000 JD 

 > 1000 JD 

 

65 (46.4) 

62 (44.3) 

13 (9.3) 

 

28 (40) 

33 (47.1) 

9 (12.9) 

 

37 (52.9) 

29 (41.4) 

4 (5.7) 

 

0.19 

Regular exercise 

 Yes 

 No 

 

40 (28.6) 

100 (71.4) 

 

17 (24.3) 

53 (75.7) 

 

23 (32.9) 

47 (67.1) 

 

0.35 

Family history of CVDs 

 Yes  

 No 

 

68 (48.6) 

72 (51.4) 

 

31 (44.3) 

39 (55.7) 

 

37 (52.9) 

33 (47.1) 

 

0.40 

Family history of DM 

 Yes 

 No 

 

72 (51.4) 

68 (48.6) 

 

32 (45.7) 

38 (54.3) 

 

40 (57.1) 

30 (42.9) 

 

0.24 

SBP (mmHg) 119.06±12.39 114.57±11.23 123.56±11.92 <0.001 

SBP (mmHg) 

 <120 mmHg 

 ≥120 mmHg 

 

82 (58.6) 

58 (41.4) 

 

54 (77.1) 

16 (22.9) 

 

28 (40) 

42 (60) 

 

<0.001 

DBP (mmHg) 75.91±8.51 72.66±7.78 79.16±7.99 <0.001 
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Variable 
All participants 

(n= 140) 

Participants with healthy body 

weight (BMI = 18.5-25 Kg/m2) 

(n= 70) 

Obese participants 

(BMI > 30 Kg/m2) 

(n= 70) 

P-value* 

DBP (mmHg) 

 <80 mmHg 

 ≥80 mmHg 

 

94 (67.1) 

46 (32.9) 

 

59 (84.3) 

11 (15.7) 

 

35 (50) 

35 (50) 

 

<0.001 

Total cholesterol (mg/dL) 169.27±32.35 159.43±26.58 179.11±34.72 <0.001 

Total cholesterol (mg/dL) 

 <200 mg/dL 

 ≥200 mg/dL 

 

120 (85.7) 

20 (14.3) 

 

67 (95.7) 

3 (4.3) 

 

53 (75.7) 

17 (23.3) 

 

0.001 

HDL (mg/dL) 48.53±11.64 50.96±12.34 46.10±10.42 0.01 

HDL (mg/dL) 

 ≥60 mg/dL (Optimal) 

 40-60 mg/dL (At risk) 

 < 40 mg/dL (Dangerous) 

 

24 (17.1) 

79 (56.4) 

37 (26.4) 

 

17 (24.3) 

41 (58.6) 

12 (17.1) 

 

7 (10) 

38 (54.3) 

25 (35.7) 

 

0.01 

LDL (mg/dL) 99.76±29.85 91.57±31.63 107.94±31.63 <0.01 

LDL (mg/dL) 

<130 m/dL (Good) 

≥130 (borderline-high) 

 

122 (87.1) 

18 (12.9) 

 

67 (95.7) 

3 (4.3) 

 

55 (78.6) 

15 (21.4) 

 

<0.01 

Triglycerides (mg/dL) 94 (64.50-128.0) 77.50 (58.25-98.50) 111 (85.25-163.75) <0.001 

Triglycerides (mg/dL) 

<150 mg/dL (Optimal) 

 ≥150 mg/dL (Elevated) 

 

116 (82.9) 

24 (17.1) 

 

67 (95.7) 

3 (4.3) 

 

49 (70) 

21 (30) 

 

<0.001 

Glucose (mg/dL) 93.31±17.51 87.77±5.38 98.84±22.94 <0.001 

Glucose (mg/dL) 

 <100 mg/mL 

 ≥100 mg/dL 

 

113 (80.7) 

27 (19.3) 

 

68 (97.1) 

2 (2.9) 

 

45 (64.3) 

25 (35.7) 

 

<0.001 

Insulin (pg/mL) 629.34 (368.08-

1011.43) 

390.49 (245.60-656.42) 938.21 (621.85-

1433.38) 

<0.001 

HOMA - IR 1.42 (0.81-2.35) 0.87 (0.54-1.42) 2.26 (1.42-3.23) <0.001 

HOMA – IR 

 ≤1.9 (Normal) 

 >1.9 (IR) 

 

91 (65) 

49 (35) 

 

62 (88.9) 

8 (11.4) 

 

29 (41.4) 

41 (58.6) 

 

<0.001 

Homocysteine (pmol/mL) 472.91±180.81 487.47±196.23 458.35±164.08 0.34 

* Statistically significant differences between study groups (p-values < 0.05) were determined using Student’s t-test or Mann–

Whitney U test for continuous variables and Chi-square test for categorical variables. Data are expressed as frequency (%), mean ± 

standard deviation or median (25th-75th percentiles). BMI; Body Mass Index, JD; Jordanian Dinar, CVDs; Cardiovascular Diseases, 

DM; Diabetes Mellitus, SBP; Systolic Blood Pressure, DBP; Diastolic Blood Pressure, HDL; High Density Lipoprotein, LDL; Low 

Density Lipoprotein, HOMA-IR; Homeostatic Model Assessment of Insulin Resistance. 
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Correlation between cardiovascular and metabolic 

biomarkers  

As shown in Table 2, BMI was significantly correlated 

with SBP, DBP, fasting glucose, insulin, HOMA-IR, total 

cholesterol, LDL, TGs, and was significantly inversely 

correlated with HDL (P-values < 0.01). HOMA-IR was 

significantly correlated with SBP, DBP, total cholesterol, 

LDL, and TGs, and was significantly inversely correlated 

with HDL (P-values < 0.01). SBP was significantly 

correlated with DBP, insulin, HOMA-IR and TGs, and 

significantly inversely correlated HDL (p-values < 0.01). 

DBP was significantly correlated with insulin, HOMA-IR, 

total cholesterol, LDL and TGs (p-values < 0.01), and 

significantly inversely correlated with HDL (p-value < 

0.05). Fasting glucose was significantly correlated with 

insulin, HOMA-IR, and TGs (p-values < 0.01) and was 

significantly inversely correlated with HDL (p-value < 

0.05). Insulin was significantly correlated with HOMA-IR, 

total cholesterol, and TGs (p-values < 0.05). Total 

cholesterol was significantly correlated with LDL and TGs 

(p-values < 0.001).  HDL was significantly inversely 

correlated with LDL and TGs p-values < 0.01). LDL was 

significantly correlated with TGs (p-value < 0.001).  

Predictors of cardiovascular risk variables 

The predictors of the studied cardiovascular risk 

variables were identified using multiple linear regression 

analyses (Table 3). The results showed direct associations 

between SBP and both BMI and DBP, and an inverse 

association between SBP and HDL (p-values < 0.05). LDL 

was directly associated with age and HOMA-IR (p-values 

< 0.05). HDL was inversely associated with both SBP and 

TGs (p-values < 0.05). TGs level was directly associated 

with both BMI and total cholesterol (p-values < 0.05). 

Total cholesterol was directly associated with age, 

HOMA-IR, and TGs (p-values < 0.05). Fasting glucose 

was directly associated with TGs and fasting insulin (P-

values < 0.05). Fasting insulin was also directly associated 

with BMI (p-value < 0.001).  

 

Table 2: Correlations between cardiovascular and metabolic biomarkers 

 
SBP 

(mmHg) 

DBP 

(mmHg) 

Glucose 

(mg/dL) 

insulin 

(pg/mL) 

HOMA-

IR 

Total 

cholesterol 

(mg/dL) 

HDL 

(mg/dL) 

LDL 

(mg/dL) 

Triglycerides 

(mg/dL) 

Homocysteine 

(pmol/mL) 

Age (Years) 0.01 0.19* 0.11 0.02 0.02 0.38*** -0.15 0.36*** 0.31*** -0.02 

BMI 

(Kg/m2) 

0.37*** 0.36*** 0.28*** 0.55*** 0.58*** 0.26** -0.27** 0.24** 0.52*** -0.04 

SBP 

(mmHg) 

- 0.46*** 0.06 0.26** 0.27** 0.08 -0.25** 0.13 0.26*** -0.13 

DBP 

(mmHg) 

- - 0.08 0.30*** 0.31*** 0.23** -0.20* 0.26** 0.27** -0.13 

Glucose 

(mg/dL) 

- - - 0.35*** 0.44*** 0.09 -0.17* <0.01 0.25** 0.01 

Insulin 

(pg/mL) 

- - - - 0.99*** 0.19* -0.16 0.15 0.41*** 0.08 

HOMA-IR - - - - - 0.25** -0.23** 0.21** 0.42*** 0.05 

Total 

cholesterol 

- - - - - - 0.02 0.93*** 0.46*** -0.08 
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