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to produce better therapeutic outcomes in managing the severity of
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Hydroxyurea, Hemoglobin, Objective: This study was aimed to evaluate the effectiveness of
Hematological, Iron Chelation Therapy. HU in reducing transfusion requirements among patients with -

thalassemia major in a welfare hospital in Karachi, Pakistan.

Methodology: A cross-sectional survey-based study was
conducted on 150 patients diagnosed with B-thalassemia major at
AL-Mustafa hospital, Karachi. Data was retrieved from diagnostic
laboratory records of patients, aged between 3 months and 26
years. Hematological parameters, transfusion frequency, treatment
regimens, and adverse effects were assessed and compared
between patients receiving conventional transfusion therapy and
those on HU. Statistical evaluation was performed by applying

chi-square and frequency distribution.
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Results: The mean age of patients was 2.17 + 0.918 years. HU
therapy demonstrated a significant improvement in hemoglobin
profiles and clinical status. A reduction in transfusion frequency
was observed in the majority of patients on HU therapy.
Additionally, HU use was associated with fewer transfusion-
related complications. The results were statistically significant
with a p-value <0.05.

Conclusion: Hydroxyurea showed considerable efficacy in
improving hematological outcomes and reducing transfusion
dependency in [-thalassemia major patients. These findings
support the potential role of HU as an effective therapeutic
alternative, particularly in resource-limited settings where

transfusion-related complications remain a major clinical concern.
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Introduction

Thalassemia is an autosomal recessive hemoglobin disorder resulting from hereditary mutations that
impair globin chain synthesis. More than 199 mutations have been identified, with disease severity
varying according to the type of genetic defect. Alpha thalassemia (a-thalassemia) arises from deletions
or mutations in the a-globin gene, while beta thalassemia (p-thalassemia) is primarily caused by point
mutations in the B-globin gene, leading to reduced or absent B-chain production'. B-thalassemia major,
the most severe form, manifests as progressive anemia, jaundice, and growth failure, necessitating
lifelong blood transfusions and iron chelation therapy?.

The prevalence of -thalassemia is highest in the Mediterranean region. Middle East, South Asia, and
Southeast Asia, with Pakistan recording approximately 9.7 million carriers annually’. Regular
transfusion therapy, though life-sustaining, contributes to complications such as iron overload and
transfusion-transmitted infections, placing additional socioeconomic burdens on affected the affected
families®.

Treatment strategy for B-thalassemia patients is based on anemia severity and type of thalassemia,
Transfusions and iron chelation therapy have been efficacious in lengthening lifespan, refining quality
of life and managing comorbidities among B-thalassemia patients’>. Moderate to severe thalassemia
patients require blood transfusions, every few weeks. A hemoglobin level greater than 9 g/dl is typically
required to be maintained with regular packed red cell transfusion(pRBC) to sustain sufficient
erythropoiesis ¢. The transfusion treatment is aimed to retain the hemoglobin in plasma in particular
ranges as mentioned above and to resist anemia in B-thalassemia major’. Blood transfusion therapy is
dependent on several factors such as hematocrit levels and hemoglobin as well as the weight of the
individuals.

Hydroxyurea (HU), a ribonucleotide reductase inhibitor, has emerged as an adjunct therapy with
potential to reduce transfusion requirements in patients with thalassemia 8. Its mechanism involves the
induction of fetal hemoglobin (HbF) synthesis, which balances globin chain assembly, reduces
hemolysis, and prolongs red blood cell survival®. Clinical evidence supports that HU can significantly
improve hemoglobin levels and decrease transfusion dependency, with some patients achieving
transfusion independence'’. The drug is well absorbed orally, with recommended pediatric doses of 10—
15 mg/kg and adult doses around 500 mg/day'!.

Hydroxyurea thus represents a promising therapeutic strategy for B-thalassemia major, particularly in
resource-limited regions, offering improved clinical outcomes while reducing the risks and costs
associated with chronic transfusion therapy'2.

2. Methods

This is a cross-sectional and prospective, survey-based study was conducted over a period of six months
December 2024 to June 2025 at a tertiary care hospital in Karachi, Pakistan, following approval from

the Institutional Review Board and the hospital’s ethical committee. A total of 150 patients of either
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sex, aged >3 months, with confirmed clinical and genetic diagnosis of B-thalassemia major were
included.

Data was collected through a structured Google form and patient medical records. Information
regarding demographics, laboratory parameters, treatment regimens, and clinical outcomes was
obtained. All patients were initially transfusion-dependent; 87 patients were then prescribed HU. Based
on treatment modality, patients were categorized into three groups:

o Group 1 (n=63): Transfusion-dependent patients receiving blood transfusions only.

o Group 2(n=14): Patients treated exclusively with HU after demonstrating favorable response,
where transfusions were discontinued.

o Group 3(n=73): Patients receiving both HU and blood transfusions concurrently.

Standard HU dosing was 10—15 mg/kg/day for children and 500 mg/day for adults. Treatment response
was assessed by change in transfusion requirement frequency, hemoglobin levels, and overall clinical
status. Adverse effects were also documented.

Statistical Package for Social Sciences (SPSS) version 22.0 was used for evaluating the results. Chi-
square was applied to understand the link of categorical predictor variables within the study groups.
The p- value <0.05 considered as significant. The descriptive data results were presented in the form of
mean + standard deviation and percentages.

3. Results

A total of 150 patients with B-thalassemia major were evaluated, comprising 79 (52.7%) males and 71
(47.3%) females. The mean age of the cohort was 2.17 + 0.91 years, with age groups from minimum 3
months to maximum 22 years. Frequency distribution analysis revealed that the majority of patients
were clustered within the 1-3 years’ age group.

Out of 150 participants, 72 (48.0%) reported a positive family history of thalassemia major. Gene
mutation profiling revealed that IVSI-5 was mutated in 14 patients. while Fr 4142 was observed least
frequently. In the group receiving only blood transfusion, two patients were found to have hemoglobin
(Hb) levels <5 g/dl. No patient in the hydroxyurea receiving group exhibited Hb levels less than 5 g/dl,
while three patients in the combined therapy group (blood transfusion + hydroxyurea) had Hb levels
below 9g/dL. Hb values between 11-13 g/dl were observed exclusively in the hydroxyurea group.
Combination therapy demonstrated better outcomes, with most patients had Hb levels within 8—10 g/dl.
Transfusion dependency varied among these groups; some patients required up to two transfusions
weekly, while those receiving HU were observed to, require fewer transfusions (Table 1).

Among all groups, groups 1(patients exclusively on blood transfusion therapy) and group 3 (on
combination therapy with blood transfusion+ HU) showed more patients with increased values of both
direct and total bilirubin (p=0.001 and p=0.014), as compared to group 2 (patients on HU only). As
levels of bilirubin could be temporarily increased due to blood transfusion, the quick breakdown of
mature red blood cells in transfused blood produces bilirubin more rapidly than the liver can filter it

out. Other parameters such as serum creatinine levels of thalassemia patients. Other parameters such as
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serum creatinine levels of thalassemia patients were not affected significantly by HU therapy as most
of the patients in each group have shown normal values (p=0.011) (Table 2).

Adverse effects varied significantly across treatment groups. Majority of dermatological manifestations
were more reported in group 3 (combined therapy,37%) followed by group 1 (blood transfusion
group,13 %); with least effects observed in group 2 (hydroxyurea receiving patients,3%), (p=0.001).
Similar pattern was observed with hematological complications i.e., highest percentage of patients of
group 2 and group3 have shown adverse hematological effects receiving blood transfusion and
combined therapy respectively (p=0.002). Gastrointestinal adverse effects were recorded more in blood
transfusion receiving groups in (p=0.002). Other complications including renal and hepatic problems
were found statistically greater in group 1 and group 3 than in HU receiving group (p <0.05.and
p<0.01) (Table 3).

The most frequently observed dermatological manifestation was skin rash (group 1: 8.0%, group 2:
1.3%, group 3: 19.3%). Gastrointestinal complaints were mainly abdominal pain, reported in the same
proportions. Hematological adverse effects, primarily decreased Hb and platelet counts, were higher in
group 1 (16.0%) compared to group 2 (0.7%) and group 3 (14.7%) (Table 4).

4. Discussion

Thalassemia is known as a hereditary hemolytic anemia resulting from defective or absent synthesis of
one or more globin chains of hemoglobin'3. The present study was conducted to assess the clinical and
therapeutic profile of B-thalassemia major patients, with a particular focus on hydroxyurea (HU)
therapy.

Our findings demonstrated that the demographic profile of enrolled patients was consistent with
previously published reports, showing predominance of male patients compared to females. Most of the
patients reported a positive family history of thalassemia, prominence the genetic inheritance pattern of
the disease'®. These results are in correspondence with Tiwari et al., who emphasized the role of
inheritance in the disease transmission'®. Genetic mutation analysis in our study revealed IVSI-5 as
observed mutation, followed by CD15, Fr 8-9, and Fr-16, which is comparable to the observations of
Hashemi et al. This finding reflects a similar mutational spectrum in thalassemia populations across the
region of Kerman and the borders of Sistan and Baluchestan'.

Evaluation of therapeutic outcomes exhibited that HU had a beneficial impact on hematological and
biochemical parameters. Patients receiving HU therapy demonstrated higher hemoglobin levels, mean
corpuscular volume (MCV), and mean corpuscular hemoglobin (MCH) compared to those depend on
solely on blood transfusion. These results are consistent with the studies of Gao et al. which also
reported improved hematological indices with HU therapy!’. Biochemical parameters, particularly
calcium levels, remained within the normal range across all treatment groups'®.

A key finding of this study was the significant reduction in blood transfusion necessities among patients
treated with HU, either alone or in combination with transfusion therapy. The frequency of transfusions

reduced from weekly to monthly intervals, thereby reducing complications associated with transfusion
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dependency, such as iron overload, transfusion-related reactions, and consequent healthcare costs.
These findings are aligned with earlier studies which documented reduced transfusion frequency and
improved clinical outcomes in thalassemia patients treated with HU.
With respect to safety, HU was generally well tolerated. Dermatological adverse effects, such as
hyperpigmentation and skin rash, were more commonly reported in the transfusion-dependent group
compared to HU-treated patients. Similarly, gastrointestinal adverse effects were infrequent and limited
mainly to abdominal discomfort, which was mild and manageable. Hematological adverse effects were
least reported in the HU group, supporting its safety profile in comparison with transfusion-only
therapy. This is in concordance with reports suggesting that HU, though an antimetabolite, is not
associated with serious hematological toxicity in thalassemia patients. Nevertheless, musculoskeletal
complaints, including bone and joint pain, were observed across all groups, consistent with findings by
Piga et al., highlighting the chronic nature of skeletal complications in thalassemia'®-22,
Overall, the present study supports the therapeutic benefits of HU in thalassemia major, particularly its
ability to reduce transfusion burden and improve hematological parameters with minimal toxicity. In
developing countries like Pakistan, where blood transfusions are associated with both clinical and
financial challenges, HU emerges as an important adjunct in the management of thalassemia. However,
long-term monitoring is essential to ensure sustained efficacy and safety of HU therapy.
5.Conclusion
This study provides a comparative analysis of HU treatment and blood transfusions in patients with beta
thalassemia major. From the results, it is concluded that there is an important consideration for
hydroxyurea to be used as a potential therapeutic drug in beta thalassemia major patient as it improves
hematological abnormalities clinically. The limitations of our study included a small sample size with
an unequal distribution of patients, the absence of some laboratory reports, and the lack of a control
group to compare the exact effects of drug therapies along with their related adverse effects. On
biochemical levels, further investigations are needed.
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Table 1 Analysis of Various parameters of different treatment groups of p thalassemia major

patients

Parameters Groups (N=150)

Group 1 Group 2 Group 3
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Blood Hydroxyurea B.T +HU
transfusion HU (n=14) Both (n=73)
B.T (n=63)
Ranges of Hb <51 (%) 2(1.3) 0(0.0) 3(2.0)
5-71 (%) 38 (25.3) 2(1.3) 39 (26.0)
8-10 n (%) 23 (15.3) 9 (6.0) 31 (20.7)
11-13 n (%) 0 (0.0) 3(2.0) 0 (0.0)
Mutated genes CD30n (%) 2(1.3) 3(2.0) 4(2.7)
CD5 n (%) 3(2.0) 1(0.7) 5(3.3)
Fr 41-42 n (%) 3(2.0) 0(0.0) 3(2.0)
IVSI-5 n (%) 14(9.3) 1(0.7) 20(13.3)
Others n (%) 41(27.3) 9(6.0) 41(27.3)
Transfusion Once Weekly n (%) 2(1.3) 0(0.0) 2(1.3)
regimen -
Twice Weekly n (%) 1(0.7) 0(0.0) 1(10.7)
After 2 Weeks n (%) 25(16.7) 0(0.0) 26(17.3)
After 3 Weeks n (%) 14(9.3) 0(0.0) 14(9.3)
After Months n(%) 4(2.7) 0(0.0) 11(7.3)
Monthly n (%) 17 (11.3) 0(0.0) 19(12.7)
None n (%) 0(0.0) 14(9.3) 0(0.0)

Percentages are calculated based on the total sample (N = 150). Data is presented as frequency (n) and
percentage (%).

Table 2 Biochemical parameters of p-thalassemia major patients receiving blood transfusion,

Hydroxyurea and both

Biochemical levels Groups (N=150) p-Value

Group 1 Group 2 Group 3

Blood Hydroxyurea (B.T +HU)

transfusion | (n=14) Both(n=73)

(n=63)
Levels of direct | Increased 14 (9.3) 7(4.7) 38 (25.5) 0.001
bilirubin n (%) Normal 49 (32.7) 7(4.7) 35(23.3)
Levels of total Increased 9 (6.0) 5@.3) 26 (17.3) 0.014
bilirubin n (%) Normal 54 (36.0) 9 (6.0) 47 (31.3)

Yes 58 (38.7) 10 (6.7) 53 (35.3) 0.011
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Serum creatinine | No 5(3.3) 4(2.7) 20 (13.3)

level (normal) n

(%)

Calevels(mg/dl) | Meant S.D | 9.2+ 0.474 | 9.4+ 0.645 9.3 +0.500 0.439

p <0.05 statistically significant

Table 3 Adverse effects associated with blood transfusion and hydroxyurea treatments

Parameters Groups (N=150) p-Value
Group 1 Group 2 Group 3
Blood Hydroxyurea (B.T
transfusion (n=14) +HU)Both(
(n=63) n=73)
Dermatological Yes 13 (8.7) 3(2.0) 37 (24.7) 0.001
symptoms n (%)
No 50 (33.3) 11 (7.3) 36 (24.0)
Hematological Yes 31(20.7) 5@3.3) 54 (36.0) 0.002
symptoms n (%)
No 32 (21.3) 9 (6.0) 19 (12.7)
Gastrointestinal Yes 30 (20.0) 9(6.0) 54 (36.0) 0.007
symptoms n (%)
No 33 (22.0) 5@3.3) 19 (12.7)
Other adverse Yes 40 (26.7) 11(7.3) 67 (44.7) 0.0
effects n (%)
No 23 (15.3) 3(2.0) 6 (4.0)
Renal problem n Yes 5(.3) 4(2.7) 20 (13.3) 0.011
(o)
No 58 (38.7) 10 (6.7) 53 (35.3)
Hepatic problem n Yes 18 (12.0) 8(5.3) 39 (26.0) 0.008
(o)
No 45 (30.0) 6 (4.0) 34 (22.7)
Other side effects n Yes 21 (14.0) 0(0.0) 29 (19.3) 0.015
(%)
No 42 (28.0) 14 (9.3) 44 (29.3)

p <0.05 statistically significant
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Table 4 Complications associated with p thalassemia major patients

Parameters Groups (N=150)
Group 1 Group 2 Group 3
Blood Hydroxyurea (B.T +HU)
transfusion( (n=14) Both(n=73)
n=63)
Dermatological Hyperpigmentation n (%) 0 (0.0) 0(0.0) 4(2.7)
adverse effects Skin rash n(%) 12 (8.0) 2(1.3) 29 (19.3)
Swelling face n (%) 1(0.7) 1(0.7) 1(0.7)
All n (%) 0(0.0) 0(0.0) 3(2.0)
None n (%) 50 (33.3) 11(7.3) 36 (24.0)
Gastrointestinal Abdominal pain n (%) 20 (13.3) 74.7) 36 (24.0)
adverse effects All n (%) 1(0.7) 0 (0.0) 11 (7.3)
Constipation n (%) 42.7) 1(0.7) 1(0.7)
Diarrhea n (%) 3(2.0) 0(0.0) 0(0.0)
Loss of appetite n (%) 0(0.0) 1(0.7) 1(0.7)
Nausea and vomiting n 2 (1.3) 0(0.0) 5@3.3)
(%)
None n (%) 33(22.0) 5(3.3) 19 (12.7)
Hematological All n (%) 1(0.7) 0(0.0) 9(6.0)
adverse effects Decreased Hb n (%) 24(16.0) 1(0.7) 22(14.7)
Decreased PLT n (%) 24(16.0) 1(0.7) 22(14.7)
Neutropenia n (%) 0(0.0) 1(0.7) 5(3.3)
None n (%) 32(21.3) 9(6.0) 19(12.7)
Other therapy Ear pain n (%) 1(0.7) 0(0.0) 0 (0.0)
related side effects Body ache n (%) 17 (11.3) 3(2.0) 22 (14.7)
Joints pain n (%) 11 (7.3) 4(2.7) 22 (14.7)
Leg pain n (%) 10 (6.7) 3(2.0) 23 (15.3)
Weakness n (%) 1(0.7) 1(0.7) 0 (0.0)
None n (%) 23 (15.3) 3(2.0) 6 (4.0)

Percentages are calculated based on the total sample (N = 150). Data presented as frequency (n) and

percentage (%).

References

Ali S, Mumtaz S, Shakir HA, Khan M, Tahir HM, Mumtaz S, et al. Current status of beta-thalassemia
and its treatment strategies. Mol Genet Genomic Med. 2021;9(12): ¢e1788.
doi.org/10.1002/mgg3.1788.

359 | Page


https://doi.org/10.1002/mgg3.1788

Bioscience Insights Volume 3, Number 2, 2026

Gupta A. Thalassemia Major. In: Decision Making Through Problem Based Learning in Hematol: A
Step-by-Step Approach in Patients with Anemia. Singapore: Springer Nature Singapore; 2024.
35-51.

Ansari SH, Lassi ZS, Khowaja SM, Adil SO, Shamsi TS. Hydroxyurea (hydroxycarbamide) for
transfusion-dependent P-thalassaemia. Cochrane Database Syst Rev. 2019;(3):CD012064.
doi.org/10.1002/14651858.cd012064.pub2.

Mittal K, Abrol P, Yadav J. Prevalence of transfusion transmitted infections amongst multiple blood
transfused patients of B-thalassemia major in a tertiary care hospital. Int J Res Med Sci.
2017;5(1):181-5. doi.org/10.1177%2F03946320221096909.

Ayyildiz H, Tuncer SA. Determination of the effect of red blood cell parameters in the discrimination
of iron deficiency anemia and [-thalassemia via Neighborhood Component Analysis Feature
Selection-based machine learning. Chemometr Intell Lab Syst. 2020; 196:103886.
doi.org/10.1016/j.chemolab.2019.103886.

Bhurani D, Kapoor J, Yadav N, Khushoo V, Agrawal N, Arora JS, et al. Experience with combination
of hydroxyurea and low-dose thalidomide in transfusion-dependent 3-thalassemia patients. Ann
Hematol. 2021; 100:1417-27. doi.org/10.1007/s00277-021-04501-3.

Ansari SH, Lassi ZS, Khowaja SM, Adil SO, Shamsi TS. Hydroxyurea (hydroxycarbamide) for
transfusion-dependent -thalassaemia. Cochrane Database Syst Rev. 2019;2019(3):CD012064.
doi.org/10.1002/14651858.cd012064.pub2.

Hussain MA, Asif A, Gorsi U, Mushatq A, Gohar UF, Shah Al Impact of hydroxyurea on blood
transfusions and its safety in -thalassemia patients. Pak J Med Health Sci. 2022;16(10):138.
doi.org/10.53350/pjmhs221610138.

Pahuja S, Mandal P. Alloimmunization and autoimmunization among multitransfused thalassemia and
sickle cell disease patients. Pediatr Hematol Oncol J. 2024;9(3):200-6.
doi.org/10.1016/j.ph0j.2024.06.002.

Mettananda S, Peiris R, Pathiraja H, Chandradasa M, Bandara D, de Silva U, et al. Psychological
morbidity among children with transfusion dependent B-thalassaemia and their parents in Sri
Lanka. PloS one.2020; 15(2): €0228733. doi.org/10.1371/journal.pone.0228733

Manolova V, Nyffenegger N, Flace A, Altermatt P, Varol A, Doucerain C, et al. Oral ferroportin
inhibitor ameliorates ineffective erythropoiesis in a model of B-thalassemia. J Clin Invest.
2020;130(1):491-506. doi.org/10.1172/¢1129382.

Mittal K, Abrol P, Yadav J. Prevalence of transfusion transmitted infections amongst multiple blood
transfused patients of B-thalassemia major in a tertiary care hospital. Int J Res Med Sci.
2017;5(1):181-5. doi.org/10.1177%2F03946320221096909.

Quinn CT, Niss O, Dong M, Pfeiffer A, Korpik J, Reynaud M, et al. Early initiation of hydroxyurea

using individualized, pharmacokinetics-guided dosing can produce sustained and nearly

360 | Page


https://doi.org/10.1002/14651858.cd012064.pub2
https://doi.org/10.1177%2F03946320221096909
http://dx.doi.org/10.1016/j.chemolab.2019.103886
https://doi.org/10.1007/s00277-021-04501-3
https://doi.org/10.1002/14651858.cd012064.pub2
https://doi.org/10.53350/pjmhs221610138
https://doi.org/10.1016/j.phoj.2024.06.002
https://doi.org/10.1172/jci129382
https://doi.org/10.1177%2F03946320221096909

Bioscience Insights Volume 3, Number 2, 2026

pancellular expression of fetal haemoglobin in children with sickle cell anaemia. Br J Haematol.
2021;194(3):617-25. doi.org/10.1111/bjh.17663.

M. Chaudhari, “Spray-Deposited Fluorine-Free Polymer Coatings via Fatty-Acid/Oxide Interphases for
Extreme Water Repellency,” in Proceedings of the International Conference on Sustainable
Micro-Nano Materials & Innovative Technology (ICSUMMIT 2026), Vadodara, India, Feb.
13-14, 2026, Atlantis Highlights in Engineering, vol. 44, Atlantis Press, Jul. 2026. doi:
10.2991/978-94-6239-727-9 26.

Tiwari D, Gupta SK, Thapa NB, Devkota K. Clinical profile of children with thalassemia admitted for
blood transfusion at a tertiary health care center. J Coll Med Sci Nepal. 2023;19(3):294-8.
doi.org/10.3126/jcmsn.v19i3.56520.

Hashemi Z, Ebrahimzadeh MA. Hemoglobin F (HbF) inducers: history, structure and efficacies. Mini
Rev Med Chem. 2022;22(1):52—68. doi.org/10.2174/1389557521666210521221615.

Eisler L, Hassan F, Lenke LG, Chihuri S, Hod EA, Li G. Allogeneic red blood cell transfusion and
infectious complications following pediatric spinal fusion: NSQIP-P analysis. JBJS Open
Access. 2022;7(4): €22. doi.org/10.2106/JBJS.0A.22.00038.

Ansari SH, Hussain Z, Zohaib M, Parveen S, Kaleem B, Qamar H, et al. A pragmatic scoring tool to
predict hydroxyurea response among [-thalassemia major patients in Pakistan. J Pediatr
Hematol Oncol. 2022;44(1): e77-83. doi.org/10.1097/mph.0000000000002136.

M. Chaudhari, “Vapor-Phase Thin-Film Polymerization for Microbial-Resistant Surface
Functionalization,” in Proceedings of the International Conference on Sustainable Micro-Nano
Materials & Innovative Technology (ICSUMMIT 2026), Vadodara, India, Feb. 2026, doi:
10.2991/978-94-6239-727-9 27.

Adamopoulos SG, Petrocheilou GM. Skeletal radiological findings in thalassemia major. J Res Pract
Musculoskelet Syst. 2019;4(3). doi.org/10.1007/s00256-021-03732-9.

Piga A, Perrotta S, Gamberini MR, Voskaridou E, Melpignano A, Filosa A, et al. Luspatercept improves
hemoglobin levels and blood transfusion requirements in a study of patients with 3-thalassemia.
Blood, The Jour of the Amr Soc of Hematol. 2019; 133(12):1279-89.

Tari K, Valizadeh Ardalan P, Abbaszadehdibavar M, Atashi A, Jalili A, Gheidishahran M. Thalassemia
an update: molecular basis, clinical features and treatment. Int J Biomed Public Health.

2018;1(1):48-58. doi.org/10.22631/ijbmph.2018.56102

361 | Page


https://doi.org/10.1111/bjh.17663
https://doi.org/10.3126/jcmsn.v19i3.56520
https://doi.org/10.2174/1389557521666210521221615
https://doi.org/10.1097/mph.0000000000002136
https://doi.org/10.1007/s00256-021-03732-9
https://doi.org/10.22631/ijbmph.2018.56102

