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ABSTRACT

Diabetic nephropathy (DN), a microvascular complication of diabetes mellitus, is one of the most prevalent causes
of end-stage renal disease globally. It is pathologically defined by glomerular basement membrane thickening,
mesangial expansion, progressive glomerulosclerosis, and tubulointerstitial fibrosis. Despite significant advances in
glycemic control and renin-angiotensin system (RAS) blockade, DN remains difficult to manage effectively,
particularly in its later stages. Increasing attention has been given to traditional herbal remedies, which have
demonstrated promising nephroprotective effects through the modulation of oxidative stress, chronic inflammation,
fibrosis, and apoptosis. These botanical agents contain bioactive phytoconstituents such as flavonoids, saponins,
alkaloids, and terpenoids, which act through diverse molecular pathways, including inhibition of TGF -1 signaling,
NF-kB activation, and oxidative damage pathways. This review synthesizes histopathological evidence from both
experimental and limited clinical studies that highlight the capacity of traditional herbal medicines to preserve renal
architecture and function. Herbal agents such as Astragalus membranaceus, Salvia miltiorrhiza, and Curcuma longa
have shown beneficial effects in reducing mesangial proliferation, glomerular damage, and interstitial fibrosis. By
evaluating the mechanisms and efficacy of these herbal therapies, this review aims to inform the development of
integrative treatment strategies that complement conventional care in diabetic nephropathy.
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INTRODUCTION
Diabetic nephropathy (DN), also referred to as to experience disease progression [4_]. Consequently,
diabetic kidney disease, represents a serious and there is a growing interest in exploring adjunctive
progressive microvascular complication of both type therapies that can halt or reverse renal damage.
1 and type 2 diabetes mellitus [17. It is the leading Traditional herbal medicine, with centuries of
cause of chronic kidney disease and end-stage renal empirical use, offers a rich repository of botanicals
failure globally, affecting up to 40% of diabetic that possess anti-inflammatory, antioxidant, and anti-
patients [17. DN is clinically characterized by fibrotic properties [57]. Increasing experimental
persistent albuminuria, progressive decline in evidence supports the role of these herbs in
glomerular filtration rate (GFR), hypertension, and attenuating renal dysfunction and restoring
an increased risk of cardiovascular events [27. histological architecture. Histopathological
Morphologically, DN is marked by structural evaluations serve as a cornerstone for assessing the
abnormalities such as glomerular basement severity of renal injury and the efficacy of therapeutic
membrane (GBM) thickening, mesangial expansion, interventions. They provide crucial insights into
nodular glomerulosclerosis  (Kimmelstiel-Wilson cellular and extracellular matrix changes within renal
nodules), and tubulointerstitial fibrosis [37]. Despite compartments [67]. This review aims to consolidate
the use of standard treatments including tight histopathological findings from studies investigating
glycemic control, blood pressure regulation, and traditional herbal remedies in DN, thereby
pharmacological inhibition of the renin-angiotensin- illuminating their nephroprotective potential and
aldosterone system (RAAS), many patients continue therapeutic relevance.
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Pathological Features of Diabetic Nephropathy
Diabetic nephropathy (DN) is a progressive
microvascular complication of diabetes mellitus and
stands as a primary contributor to end-stage renal
disease (ESRD) globally [17. The pathological
features of DN are distinct and evolve over time,
affecting various compartments of the kidney. One of
the earliest morphological alterations is the
thickening of the glomerular basement membrane
(GBM), which compromises the selective
permeability of the glomerular filtration barrier [77.
This structural abnormality contributes to persistent
proteinuria, a key clinical indicator of DN.
Concomitant with GBM thickening is mesangial
expansion, primarily driven by the excessive
accumulation of extracellular matrix (ECM) proteins,
including fibronectin, laminin, and various types of
collagen [87. This expansion leads to mesangial cell
hypertrophy ~ and  ultimately  to  nodular
glomerulosclerosis, as seen in advanced stages of the
disease (Kimmelstiel-Wilson nodules). Podocyte
injury is a critical event in DN pathogenesis [37.
Podocyte loss, detachment, and effacement of foot
processes disrupt the glomerular filtration barrier’s
integrity, exacerbating albuminuria and accelerating
glomerular injury [97. In later stages,
tubulointerstitial damage becomes prominent,
characterized by tubular atrophy, interstitial fibrosis,
and infiltration of inflammatory cells [107]. These
changes are often fueled by chronic hyperglycemia-
induced oxidative stress, local inflammation, and
ischemia [117. Furthermore, arteriolar hyalinosis—
marked by the deposition of eosinophilic hyaline
material in afferent and efferent arteriolar walls—
impairs renal perfusion and exacerbates ischemic
injury [127. This vascular pathology diminishes
oxygen and nutrient delivery to renal tissues, further
promoting fibrosis and functional decline [137.
Collectively, these pathological changes culminate in
progressive nephron loss and renal failure [14].
Traditional Herbal Remedies with
Nephroprotective Potential
1. Astragalus membranaceus
Astragalus contains astragaloside IV and flavonoids,
known for anti-inflammatory and antifibrotic effects
[157]. Histopathological studies show reduced
mesangial matrix expansion and decreased interstitial
fibrosis in diabetic models [157.
2. Curcuma longa (Turmeric)
Curcumin, the active compound in turmeric, restores
normal tubular  structure, reduces collagen
deposition, and prevents glomerulosclerosis [167]. Its
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antioxidant properties counteract hyperglycemia-
induced oxidative stress [17].
3. Salvia miltiorrhiza (Danshen)
Rich in tanshinones and salvianolic acids, Danshen
has demonstrated attenuation of GBM thickening
and vascular injury, improving overall glomerular
function [187].
4. Panax ginseng
Ginsenosides in ginseng exert protective effects by
reducing glomerular hypertrophy and preserving
podocyte morphology, essential for maintaining the
filtration barrier [197.
5. Gymnema sylvestre
Gymnemic acids help ameliorate tubular necrosis and
preserve glomerular architecture. The herb also
exhibits hypoglycemic and antioxidant properties
[20].
6. Nigella sativa (Black seed)
Thymoquinone reduces renal oxidative stress,
inflammatory cell infiltration, and tubular epithelial
damage. It supports both glomerular and tubular
health [217].
7. Phyllanthus niruri
Compounds such as lignans and flavonoids help
reverse GBM thickening and reduce mesangial
expansion, offering structural protection in DN [227].

Mechanistic Insights from Histopathological
Evidence
Histopathological  evaluations  have  provided
significant insights into the mechanisms by which
traditional herbal remedies exert nephroprotective
effects in diabetic nephropathy. These mechanisms
target multiple pathological pathways involved in
renal injury, offering a holistic therapeutic approach.
One major mechanism is the anti-inflammatory eftect
of phytochemicals. Chronic hyperglycemia activates
pro-inflammatory  cytokines, including tumor
necrosis factor-alpha (TNF-a), interleukin-1 beta
(IL-1B), and nuclear factor kappa B (NF-xB) [237.
Herbal agents such as curcumin, thymoquinone, and
astragaloside IV have been shown to downregulate
these inflammatory mediators, thereby reducing
leukocyte infiltration and interstitial inflammation in
renal tissues [247. This contributes to the
preservation of nephron architecture and reduced
fibrotic progression. Another key mechanism is the
antioxidant action of these compounds. Diabetic
nephropathy is associated with excessive generation
of reactive oxygen species (ROS), which damage
cellular structures [257]. Phytochemicals enhance
endogenous antioxidant defenses by upregulating
enzymes such as superoxide dismutase (SOD) and
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catalase, and activating the nuclear factor erythroid
2—related factor 2 (Nrf2) pathway [267. This leads to
reduced oxidative damage to glomeruli and tubules,
as observed in histological sections showing less lipid
peroxidation and mitochondrial preservation [277].
The anti-fibrotic response is another hallmark of
effective nephroprotection. Transforming growth
factor-beta (TGF-B) and its downstream Smad
signaling are key drivers of extracellular matrix
(ECM) accumulation and fibrosis [807]. Herbal agents
such as silymarin and salvianolic acid inhibit TGF -
B/Smad signaling, thereby limiting mesangial matrix
expansion and interstitial collagen deposition
[28,297. Histopathological outcomes include reduced
glomerulosclerosis and interstitial fibrosis [81]
Lastly, podocyte preservation 1is critical for
maintaining glomerular filtration function [327].
Herbal treatments help sustain the expression of
structural proteins such as nephrin and podocin,
essential for podocyte integrity [337. Loss of these
proteins is a defining feature of diabetic nephropathy
[1]. Improved expression levels, confirmed via
immunohistochemistry, correlate with reduced foot
process effacement and improved filtration barrier
function [17].

Comparative Analysis of Histopathological
Outcomes

Comparative analysis of histopathological data from
preclinical and limited clinical studies reveals varying
degrees of efficacy among different herbal
interventions [347]. While single-agent therapies
show improvement in parameters such as glomerular
structure, mesangial expansion, and tubular integrity,
combinatorial formulations often provide more
comprehensive protection [35]. Tables summarizing
these outcomes indicate enhanced nephron
preservation, normalized glomerular morphology,
and reduced fibrosis when herbs are used in
combination, supporting the rationale for polyherbal
strategies in diabetic nephropathy management [17].
Safety, Standardization, and Clinical Translation
Despite the promising histopathological evidence
supporting the use of traditional herbal remedies in
diabetic nephropathy, several challenges remain
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before these therapies can be safely and effectively
integrated into clinical practice. Toxicological
considerations are critical, as the long-term safety
profiles of many herbal compounds have not been
adequately established [367]. While most studies
suggest low toxicity at therapeutic doses, chronic
toxicity studies are limited for several herbs,
including Nigella sativa and Phyllanthus niruri [377].
Prolonged use, high doses, or herb-drug interactions
could potentially lead to adverse effects, particularly
in patients with multiple comorbidities or those on
polypharmacy [887 Standardization challenges
present another barrier to clinical translation. Herbal
preparations often vary in composition due to
differences in cultivation, harvesting, extraction
methods, and formulation [397. This variability leads
to inconsistent bioavailability and therapeutic
outcomes  [407].  Standardization of active
constituents, manufacturing processes, and dosing
regimens is essential for ensuring reproducibility and
regulatory approval. Clinical data gaps also limit the
widespread adoption of herbal nephrotherapies [417].
Few randomized controlled trials (RCTs) have
evaluated traditional remedies using
histopathological endpoints, which are crucial for
confirming tissue-level efficacy. Most available
studies focus on biochemical markers like serum
creatinine or urinary albumin, which may not fully
capture structural renal improvements.

Future Directions

Future research should focus on integrating
traditional remedies into conventional clinical
protocols, especially for early-stage diabetic
nephropathy. This requires collaborative efforts
between nephrologists, herbal medicine specialists,
and pharmacologists. Emerging technologies such as
molecular imaging and digital pathology offer
improved tools for non-invasive and quantitative
assessment of renal changes in response to therapy.
These tools could enhance the evaluation of herbal
efficacy and safety. Additionally, integrating genomic
and proteomic data with histological findings may
uncover molecular signatures linked to herbal
responses, paving the way for personalized
phytotherapy approaches.

CONCLUSION

Histopathological studies strongly support the
nephroprotective effects of various traditional herbal
remedies in diabetic nephropathy. These herbs
effectively modulate inflammation, oxidative stress,
fibrosis, and structural damage. However, to move

from bench to bedside, efforts must focus on safety
validation, formulation standardization, and robust
clinical trials with histopathological endpoints to
ensure evidence-based integration into modern
nephrology practice.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.



Bizimana
REFERENCES

Ugwu, O.P.C,Kungu, E,, Inyangat, R., Obeagu,
E. I, Alum, E. U,, Okon, M. B, Subbarayan, S.

www.iaajournals.org

Journal of Biological Engineering. 2022;16(1).
do1:10.1186/513036-022-00299-4

and Sankarapandiyan, V. Exploring Indigenous 9. Lu CC, Wang GH, Lu J, Chen PP, Zhang Y, Hu
Medicinal Plants for Managing Diabetes ZB, et al. Role of podocyte injury in
Mellitus in Uganda: Ethnobotanical Insights, glomerulosclerosis. Advances in Experimental
Pharmacotherapeutic Strategies, and National Medicine and Biology. 2019;195—232.
Development Alignment. INOSR Experimental doi:10.1007/978-981-13-8871-2_10
Sciences.2023; 12(2):214-224. 10. Bhandari J, Thada PK, Rout P, Leslie SW, Arif
https://doi.org/10.59298/INOSRES/2023/2.1 H. Tubulointerstitial nephritis. StatPearls -
7.1000. NCBI  Bookshelf. 2024. Available from:
Selby NM, Taal MW. An updated overview of https://www.ncbi.nlm.nih.gov/books/NBK557
diabetic nephropathy: Diagnosis, prognosis, 537/

treatment goals and latest guidelines. Diabetes 11. Xu C, HaX, Yang S, Tian X, Jiang H. Advances
Obesity and Metabolism. 2020;22(51):3—-15. in understanding and treating diabetic kidney
doi:10.1111/dom.14007 disease: focus on tubulointerstitial inflammation
Godfrey Ogochukwu Ezema, Ndukaku Yusuf mechanisms.  Frontiers in  Endocrinology.
Omeh, Egba Simeon Ikechukwu, Ejiofor C Agbo, 2023;14. doi:10.3389/fendo.2023.1232790
Adachukwu Ada Ikeyiand Emmanuel Ifeanyi 12. Shen Y, Xiao T, Yu Z, Huang Y, He T, Li H, et
Obeagu. Evaluation of Biochemical Parameters al. Arteriolar hyalinosis and renal outcomes in
of Patients with Type 2 Diabetes Mellitus Based patients with immunoglobulin A nephropathy.
on Age and Gender in Umuahia (2023) Asian Renal Failure. 2022;44(1):994—1003.
Journal of Dental and Health Sciences 20283; doi:10.1080/0886022x.2022.2083974:
3(2):32-36 13. Wang B, LiZL, Zhang YL, Wen Y, Gao YM, Liu
Banerjee D, Winocour P, Chowdhury TA, De P, BC. Hypoxia and chronic kidney disease.
Wahba M, Montero R, et al. Management of EBioMedicine. 2022;77:108942.
hypertension and renin-angiotensin-aldosterone doi:10.1016/j.ebiom.2022.10394:2

system blockade in adults with diabetic kidney 14. Kazi AM, Hashmi MF. Glomerulonephritis.
disease:  Association of  British  Clinical StatPearls - NCBI Bookshelf. 2023. Available
Diabetologists and the Renal Association UK from:

guideline update 2021. BMC Nephrology. https://www.ncbi.nlm.nih.gov/books/NBK 560
2022;23(1). doi:10.1186/512882-021-02587-5 644/

Uroko Robert Tkechukwu., Agbafor Amarachi, 15. Zhu Y, Chai Y, Xiao G, Liu Y, Xie X, Xiao W, et
Uchenna Oluomachi Nancy, Achi Ngozi Kalu, al. Astragalus and its formulas as a therapeutic
Egba Simeon Ikechukwu, Nweje-Anyalowu Paul option for fibrotic diseases: Pharmacology and
Chukwuemaka and Ngwu Ogochukwu Rita. mechanisms.  Frontiers in  Pharmacology.
Evaluation of Antioxidant Activity of Aqueous 2022;18. doi:10.3389/fphar.2022.1040350
Extracts of Palm Friuts (Elaeis guineensis) Asian 16. Hartogh DJD, Gabriel A, Tsiani E. Antidiabetic
Journal of Biochemistry, 2017; 12: 49-57 Properties of Curcumin II: Evidence from In
Jha R, Lopez-Trevino S, Kankanamalage HR, Jha Vivo  Studies.  Nutrients.  2019;12(1):58.
JC. Diabetes and renal complications: An doi:10.8890/nu12010058

overview on pathophysiology, biomarkers and 17. Mehrabi M, Esmaeili S, Ezati M, Abassi M,
therapeutic interventions. Biomedicines. Rasouli H, Nazari D, et al. Antioxidant and
2024512(5):1098. glycohydrolase inhibitory behavior of curcumin-
doi:10.3390/biomedicines 12051098 based compounds: Synthesis and evaluation of
Feher J. Glomerular filtration. In: Elsevier anti-diabetic properties in vitro. Bioorganic
eBooks. 2017. p. 705—14. d0i:10.1016/b978-0-12- Chemistry. 2021;110:104720.
800883-6.00070-7 doi:10.1016/].bioorg.2021.104720

Thomas HY, Versypt ANF. Pathophysiology of 18. DouJY, Zhang M, Cen H, Chen YQ, Wu YF, Lu

mesangial expansion in diabetic nephropathy:
mesangial structure, glomerular biomechanics,
and biochemical signaling and regulation.

27

F, et al. Salvia miltiorrhiza Bunge (Danshen) and
bioactive compound tanshinone ITA alleviates
cisplatin-induced acute kidney injury through
regulating PXR/NF-kB signaling. Frontiers in

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


https://doi.org/10.59298/INOSRES/2023/2.17.1000
https://doi.org/10.59298/INOSRES/2023/2.17.1000
https://www.researchgate.net/journal/Asian-Journal-of-Dental-and-Health-Sciences-2834-989X
https://www.researchgate.net/journal/Asian-Journal-of-Dental-and-Health-Sciences-2834-989X
https://www.ncbi.nlm.nih.gov/books/NBK557537/
https://www.ncbi.nlm.nih.gov/books/NBK557537/
https://www.ncbi.nlm.nih.gov/books/NBK560644/
https://www.ncbi.nlm.nih.gov/books/NBK560644/

Bizimana

19.

20.

21.

22.

23.

24,

25.

26.

Pharmacology.
do1:10.3389/fphar.2022.860383
Jin D, Zhang Y, Zhang Y, Duan L, Zhou R, Duan
Y, et al. Panax Ginseng C.A.Mey. as medicine:
The potential use of Panax Ginseng C.A.Mey. as
a remedy for kidney protection from a
pharmacological ~ perspective.  Frontiers in
Pharmacology. 2021;12.
do1:10.3389/fphar.2021.734151

Ogugua, Victor N., Njoku, Obioma U. Egba,
Simeon I., Uroko, Robert I and Ignatius Glory. In
vitro study of nutritional and antioxidant
properties of methanol extract of Nauclea latifolia
root bark. Biomedical Research, 2018; 29(21):
3766-3773

Uhuo E N, Egba S I, Nwuke P C and Odinamadu
H Renoprotective effects of adansonia digitata
leaf extracts on renal functions and
histopatological changes vancomycin induced
nephrotoxicity in Wistar rats. Comparative
Clinical Pathology, 2022; 31(1):1-14

Parveen A, Jin M, Kim SY. Bioactive
phytochemicals that regulate the cellular
processes involved in diabetic nephropathy.
Phytomedicine. 2017;89:146—59.
do1:10.1016/j.phymed.2017.12.018

Tsalamandris S, Antonopoulos AS, Oikonomou
E, Papamikroulis GA, Vogiatzi G, Papaioannou
S, et al. The role of inflammation in diabetes:
Current concepts and future perspectives.
European Cardiology Review. 2019;14(1):50-9.
doi:10.15420/ecr.2018.33.1

Ochulor Okechukwu C., Njoku Obioma U,
Uroko Robert I and Egba Simeon I. Nutritional
composition of Jatropha tanjorensis leaves and
effects of its aqueous extract on carbon
tetrachloride induced oxidative stress in male
Wistar albino rats. Biomedical Research 2018;
29(19): 8569-3576

Badal SS, Badal SS, Danesh FR. Reactive oxygen
species (ROS) and diabetic nephropathy. In:
Springer  eBooks.  2014. p.  2659-74.
doi:10.1007/978-3-642-30018-9_186

Ogbodo John Onyebuchi, Chinazom Precious
Agbo, Ugoci Olivia Njoku, Martins Obinna
Ogugofor, Egba Simeon Ikechukwu, Stella
Amarachi Thim, Adaeze Chidiebere Echezona
Kenneth Chibuike Brendan, Aman Babanrao
Upaganlawar, and  ChandrashekarDevidas
Upasani (2021) Alzheimer’s Disease:
Pathogenesis and Therapeutic Interventions,
Current Aging Science, 21:1-25.

2022;18.

27.

28.

29.

30.

31.

32.

34.

35.

28

www.iaajournals.org
Chimaroke Onyeabo, Paul Anyiam Ndubuisi,
Anthony Cemaluk Egbuonu, Prince Chimezie
Odika, Simeon Ikechukwu Egba, Obedience
Okon Nnana, Polycarp Nnacheta Okafor.
Natural products-characterized Moringa oleifera
leaves methanolic extractand anti-diabetic
properties mechanisms of its fractions in
streptozotocin-induced ~ diabetic  rats The
Nigerian Journal of Pharmacy, 2022; 56(1):18-29
Gao H, Bo Z, Wang Q, Luo L, Zhu H, Ren Y.
Salvanic acid B inhibits myocardial fibrosis
through regulating TGF-B1/Smad signaling
pathway. Biomedicine & Pharmacotherapy.
2018;110:685-91.
doi:10.1016/j.biopha.2018.11.098
Bai Y, Wang L, TingYang N, Wang L, Ge W.
Silymarin ameliorates peritoneal fibrosis by
inhibiting the TGF-B/Smad signaling pathway.
Naunyn-Schmiedeberg’s Archives of
Pharmacology. 2023;396(10):2379-91.
doi:10.1007/500210-023-02450-4
Verrecchia F, Mauviel A. Transforming growth
factor-f and fibrosis. World Journal of
Gastroenterology. 2007;13(22):3056.
doi:10.3748/w)g.v13.122.3056
Walsh M, Sar A, Lee D, Yilmaz S, Benediktsson
H, Manns B, et al. Histopathologic features aid in
predicting risk for progression of IgA
nephropathy. Clinical Journal of the American
Society of Nephrology. 2010;5(8):425-30.
doi:10.2215/¢jn.06530909
Huang F, Huang S, Sun K, Chen Y, Xie G, Bao J,
et al. Protective effect of compound K against
podocyte injury in chronic kidney disease by
maintaining mitochondrial homeostasis.
Scientific Reports. 2025;15(1).
doi:10.1088/541598-024-84704-6
Gong L, Wang R, Wang X, Liu J, Han Z, Li Q,
et al. Research progress of natural active
compounds on improving podocyte function to
reduce proteinuria in diabetic kidney disease.
Renal Failure. 2023;45(2).
doi:10.1080/0886022x.2028.2290930
Yun S, Oh J, Chu H, Park D, Leem J. Systematic
review of preclinical studies on the efficacy and
mechanisms of herbal medicines in post-
myocardial infarction heart failure with reduced
ejection fraction. Medicina. 2024560(7):1101.
doi:10.3390/medicina60071101
Shan J, Cao Z, Yu S. Advances in understanding
diabetic kidney disease progression and the
mechanisms of acupuncture intervention.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.



Bizimana

36.

37.

38.

International Journal of General Medicine.
2024517:5593—609. doi:10.2147/1jgm.s49004:9
Ekor M. The growing use of herbal medicines:
Issues relating to adverse reactions and
challenges in monitoring safety. Frontiers in
Pharmacology. 201444
do1:10.3389/fphar.2013.00177

Lesmanawati W, Manalu W, Rahminiwati M,
Suprayudi MA, Nuryati S. Combination of
Nigella sativa and Phyllanthus niruri as an
immunostimulant for the prevention of white
spot disease in Litopenaeus vannamei. Journal of
Aquaculture and Fish Health. 2022;11(3):306—
16. doi:10.20473/jath.v11i3.274770

Varghese D, Ishida C, Patel P, Koya HH.
Polypharmacy. StatPearls - NCBI Bookshelf.
2024. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK532

953/

29

39.

40.

41.

www.iaajournals.org
Bitwell C, Indra SS, Luke C, Kakoma MK. A
review of modern and conventional extraction
techniques and their applications for extracting
phytochemicals from plants. Scientific African.
2028;19:¢01585. doi:10.1016/j.sciaf.2023.e01585
Zhuo Y, Zhao YG, Zhang Y. Enhancing drug

solubility,  bioavailability, and targeted
therapeutic applications through magnetic
nanoparticles.  Molecules.  2024529(20):4854.

doi:10.8390/molecules29204:8 54

Valencia-Arias A, Gallegos A, Del Consuelo
Aliaga Bravo V, Mori FLV, Uribe-Bedoya H,
Palacios-Moya L. Understanding telemedicine
adoption: Evidence, gaps, and future perspectives
for sustainable healthcare. Cogent Social
Sciences.2024;10(1).
doi:10.1080/25311886.2024.2306712

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


https://www.ncbi.nlm.nih.gov/books/NBK532953/
https://www.ncbi.nlm.nih.gov/books/NBK532953/
https://doi.org/10.59298/IAAJAS/2025/242900

