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Abstract: Background and aim: We conducted a review to determine the efficacy of amlodipine
alongside iron chelators on serum ferritin levels and liver T2-weighted magnetic resonance imag-
ing (MRI T2*) in β-thalassemia patients. Methods: Systematic search was conducted in multiple
databases, including Web of Science, PubMed, Scopus, Embase, Cochrane Library, ClinicalTrials.gov,
the Iranian Registry of Clinical Trials (IRCT), ProQuest, OpenGrey, and Web of Science Conference
Proceedings Citation Index. The search was closed in January 2023. Primary outcomes were com-
prised of liver MRI T2* (millisecond (msec)) and serum ferritin levels (ng/mL). Results: Seven studies
(n = 227) were included in the study. The pooled Cohen’s d for serum ferritin was estimated at −0.46,
95% confidence interval (CI) −1.11 to 0.19 and p = 0.16 (I2 86.23%, p < 0.0001). The pooled mean
difference for serum ferritin was −366.44 ng/mL, 95% CI −844.94 to 112.05, and p = 0.13 (I2 81.63%,
p < 0.0001). After a meta-regression based on the length of using amlodipine, a coefficient for the
mean difference was also −23.23 ng/mL and 95% CI −155.21 to 108.75. The coefficient obtained
from a meta-regression as per the amlodipine dose at 5 mg/day than 2.5 to 5 mg/day anchored at
−323.49 ng/mL and 95% CI −826.14 to 1473.12. A meta-regression according to the baseline values of
serum ferritin discovered a coefficient of 1.25 ng/mL and 95% CI 0.15 to 2.35. Based on two included
studies (n = 96), the overall Cohen’s d for liver MRI T2* was 2.069, 95% CI −0.896 to 5.035, and
p = 0.17 (I2 96.31%, p< 0.0001). The synthesized mean difference for liver MRI T2* was 8.76 msec, 95%
CI −4.16 to 21.67, and p = 0.18 (I2 98.38%, p < 0.000). Conclusion: At a very low level of evidence,
probably using amlodipine at a dose of 2.5 to 5 mg a day, up to a year, alongside iron chelators slightly
decreases serum ferritin levels in iron-overloaded thalassemia cases by nearly 366 ng/mL (23 ng/mL
per month). The liver MRI T2* might also rise to 8.76 msec upon co-therapy with amlodipine.
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1. Introduction

Thalassemia syndromes are among the most common hemoglobin disorders world-
wide. Severe and chronic hemolytic anemia ensuing from a decrease in hemoglobin β-chain
synthesis ends in developing β-thalassemia, ranging from non-transfusion-dependent to
transfusion-dependent [1]. α-thalassemia arises from mutations in the genes responsible
for α-globin protein synthesis, and the severity of anemia and manifestations is contingent
upon the extent of mutations and the nature of affected genes. Similarly, β-thalassemia
involves two genes, and the specific mutations within the genes dictate the intensity of
the disorder [1]. β-thalassemia has spread from the Middle East to the Mediterranean and
Southeast Asia; approximately 80 million people may carry the defect genes across the
world [2].

Transfusion-dependent β-thalassemia patients require lifelong red-cell transfusions,
often given monthly or bi-monthly [3]. Chronic red-cell transfusions in these patients
develop iron overload in such tissues as the cardiac, liver, and endocrine glands, ultimately
damaging these organs [4]. The cardiac muscle is especially paramount in patients with
β-thalassemia because it is sensitive to iron siderosis and toxicity, responsible for death
in half of this population [5,6]. Myocardial hemosiderosis can be accompanied by a rise
in oxidative stress and inflammation in the cardiomyocytes, driving to heart failure, most
often with a poor prognosis [7,8].

Iron chelation therapies are largely used to reduce the surplus iron in β-thalassemia
patients. Iron-chelating drugs, such as deferoxamine, deferasirox, and deferiprone, are
routinely applied to subside the iron burden [9,10]. Despite advances in the treatment of
iron overload, existing strategies have limitations, including dose escalation, concomitant
side effects, and the lack of homogeneous access due to their high cost and toxicity [11].
On the other hand, using the conventional iron chelators may not always be effective as
iron can ingress cells through multiple potential gateways in various tissues, encompassing
the transferrin 1 receptor (TfR1), T-type calcium channel (TTCC), L-type calcium channel
(LTCC), divalent metal transporter 1 (DMT1), and ZRT, IRT-like proteins (ZIP) [12].

Experimental studies have displayed that voltage-gated calcium channel blockers (CCBs)
can prevent iron absorption in cardiomyocytes [13–16]. Amlodipine is a dihydropyridine-type
calcium blocker that may impede calcium influx. Amlodipine is available at a lower price,
with oral administration, proven safety, and a long half-life (35 to 50 h) [5,17]. Some clinical
trials have shown the significant impacts of amlodipine on reducing iron overload. The
lack of sample size in the prior studies on β-thalassemia cases necessitates conducting a
review on this issue [4,5,17,18].

A meta-analysis [19] on three randomized controlled trials (n = 130 patients) unveiled
a non-significant difference in serum ferritin between amlodipine and control groups,
with a weighted mean difference (WMD) of −0.16, and 95% confidence interval (CI)
−0.51 to 0.19. Moreover, a recent systematic review found that amlodipine can significantly
improve cardiac T2-weighted magnetic resonance imaging (MRI T2*) and myocardial
iron concentration (MIC) and even reduce the incidence of cardiomyopathy-related iron
overload in thalassemia patients without significant side effects [20]. The values of Hedges’
g for cardiac MRI T2* and MIC were 0.36, 95% CI 0.10–0.62 and −0.82, 95% CI −1.40 to
−0.24, respectively.

Out of the need to understand the beneficial effects of amlodipine added to the
iron chelator agents, a systematic review of the primary research can help develop an
appropriate program and protocol for prescribing amlodipine so as to decrease sequala
induced by iron surplus, particularly myocardial hemosiderosis in β-thalassemia patients.
Therefore, the current study purposed to investigate the impact of combination therapy
with amlodipine on iron excess in this population.

2. Methods

The current systematic review was consistent with the Preferred Reporting Items For
Systematic Review and Meta-Analysis (PRISMA) 2020 Statement [21].
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2.1. Eligibility Criteria

A randomized controlled trial was the inclusion criterion, with the following PICO
(a) population: patients with β-thalassemia, dependent or non-dependent on red-cell
transfusions, (b) intervention: amlodipine therapy alongside standard treatment with any
iron chelators, (c) comparison: only standard treatment with any iron-chelating drugs,
(d) outcomes: serum ferritin level (ng/mL) and liver MRI T2* (millisecond (msec)).

2.2. Systematic Search

A comprehensive systematic search was carried out across the following databases:
Web of Science, PubMed, Scopus, Embase, Cochrane Library, ClinicalTrials.gov, and the
Iranian Registry of Clinical Trials (IRCT). We searched ProQuest, OpenGrey, and Web of
Science Conference Proceedings Citation Index to explore grey literature as well. A manual
search in Google Scholar was also undertaken to assess the reference lists provided by
the included studies. The reviewer concentrated on key terms related to “amlodipine”,
“iron overload”, and “β-thalassemia”, regardless of language. The search was closed in
January 2023.

2.3. Search Strategy

The following terms extracted by MeSH, Emtree, and Entry Terms were combined to
be systematically searched in the cited databases.

(“amlodipine” OR “Istin” OR “Norvasc” OR “Astudal” OR “Amlor” OR “amlopin”
OR “amloc”) AND (“iron” OR “ferritin” OR “ferritin” OR “TIBC” OR “total iron binding
capacity” OR “hepatic MRIT2*” OR “liver T2*” OR “liver MRI” OR “T2-weighted liver
magnetic resonance imaging” OR “T2-weighted liver MRI”).

2.4. Selection Process

EndNote X7 software (Version 17) helped remove duplicates after sorting the records
out. At first, two investigators autonomously assessed the studies’ eligibility based on the
titles and abstracts. Next, they scrutinized the full texts. In case of any disagreement, the
project’s leader would advise (the correspondence).

2.5. Data Collection Process

Data were separately extracted by four independent authors for each included study
via a standard data extraction Excel sheet from which the following basic information
was extracted: study characteristics (the authors, year, the study design, and the sample
size), the dose of intervention, dependency on red-cell transfusion, the measuring tools for
the outcomes, the follow-up time, the controls’ data, the values of the outcomes, the key
findings, the type of iron chelators, and the adverse effects.

2.6. Risk of Bias Assessment

We utilized the Cochrane Risk of Bias Tool version 2.0. Two autonomous reviewers
qualified the included clinical trials and determined the potential risk of bias for the
following categories: random sequence generation, allocation concealment, blinding of
participants and personnel, blinding the outcome assessors, incomplete outcome data,
selective reporting bias, and other sources of bias. Low, High, or Unclear terms were
used. If there was at least one high-risk rating out of seven points, the study was viewed
as a high-risk study [22]. Likewise, being unclear for three items meant a high risk of
bias, followed by a moderate risk of bias, possessing two unclear labels, and a low risk
of bias was identified as having one unclear label at most. The first author resolved any
disagreement.

2.7. Level of Evidence Assessment

The Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
approach was adopted to evaluate the quality of evidence. The evidence was categorized
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as high, moderate, low, and very-low quality based on the risk of bias, inconsistency,
indirectness, imprecision, and publication bias in the included studies [23].

2.8. Strategy for Data Synthesis

All data were analyzed using Stata version 17 (StataCorp, College Station, TX, USA). A
meta-analysis was utilized for serum ferritin values and liver MRI T2* for the post-measured
values between the intervention and placebo groups. Using a random-effects model, the
pooled effect sizes for these outcomes were Cohen’s d and mean difference with 95% CI.
Multiple rounds of meta-regression were also applied to explore the association between
serum ferritin levels and the dose plus duration of amlodipine, along with the extent to
which the potential relationships would be robust. A meta-regression was eventually
executed to determine how much the baseline values of serum ferritin were linked with the
synthesized effect size. The baseline values of serum ferritin in the amlodipine arm were
regarded. The statistical heterogeneity was assessed using I2. The trim-and-fill method
and the Egger test were used to assess the potential publication bias for each outcome.
Quality analysis was executed to find the source of heterogeneity, which rested on the
results of the risk of bias assessment. Having removed El-Haggar’s study, a sensitivity
analysis was also undertaken to explore the influence of the alone study carried out on
non-transfusion-dependent thalassemia on the effect sizes. Another analysis was conducted
when Fernandes’s (2013) study, a high-risk-of-bias study, was swiped out. For all statistical
tests, the significance threshold was 0.05.

3. Results
3.1. Search Findings

Among 921 results found in the databases, 13 studies were evaluated according
to eligibility and presented in full text after the screening. Eventually, seven studies
(n = 291) with eligible criteria were included in the current systematic review. In addition,
seven studies were excluded for various reasons, namely non-compliance with inclusion
criteria [24], insufficient data reporting [25], using a combination of several drugs [26,27],
a protocol study [28], and a review article [29]. The data selection process has been
represented in the PRISMA diagram (Figure 1).
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3.2. Studies Characteristics

The included studies were published between 2013 and 2023, of which seven studies
were conducted in four countries: Iran [7,17], Egypt [4,5], Brazil [12,18], and India [30]. Two
hundred and twenty-seven subjects participated in the intervention group (n = 113) and
the control group (n = 114). The average age of participants was between 13 and 31 years
old, and the time of amlodipine treatment was between 3 and 12 months. The dose of
amlodipine used in the three studies [5,7,18] was 5 mg/day; in the rest [4,12,17,30], it was
2.5 to 5 mg/day. All studies used deferoxamine, deferasirox, and/or deferiprone as iron
chelators. The characteristics of the included clinical trials have been illustrated in Table 1.

Table 1. The characteristics of included clinical trials.

Author Year Iron Chelator Red-Cell-Transfusion
Dependency

Measuring
Tools

Amlodipine
Dosage

Duration,
Month

Fernandes J.L. [12] 2013 Deferoxamine/deferasirox/deferiprone Yes MRI T2* 5 mg/d 12
Shakoor A. [28] 2014 Deferoxamine/deferasirox Yes MRI T2* < 2.5 mg/day 12

Fernandes J.L. [18] 2016 Deferoxamine/deferasirox/deferiprone Yes MRI T2* 2.5–5 mg/day 12
Eghbali A. [7] 2017 Deferoxamine/deferasirox/deferiprone Yes MRI T2* 2.5–5 mg/day 12
El-Haggar [4] 2018 Spirulina/deferoxamine/deferasirox No MRI T2* 5 mg/day 3
Khaled A. [5] 2019 deferasirox Yes MRI T2* 2.5–5 mg/day 6

Karami H. [17] 2021 Deferoxamine/deferiprone Yes MRI T2* 5 mg/day 12
Gupta V. [30] 2022 Deferasirox/deferasirox/deferiprone Yes MRI T2* 2.5–5 mg/day 12

MRI T2*: T2—weighted magnetic resonance imaging.

3.3. Outcomes
Serum Ferritin

Seven studies provided data for serum ferritin (n = 291) [4,5,12,17,18,30,31]. The
pooled Cohen’s d for serum ferritin was estimated at −0.46, 95% CI −1.11 to 0.19, and
p = 0.16 (I2 86.23%, p < 0.0001) (Figure 2).

Thalass. Rep. 2023, 13, FOR PEER REVIEW 6 
 

 

MRI T2*: T2—weighted magnetic resonance imaging. 

3.3. Outcomes 
Serum Ferritin 

Seven studies provided data for serum ferritin (n = 291) [4,5,12,17,18,30,31]. The 
pooled Cohen’s d for serum ferritin was estimated at −0.46, 95% CI −1.11 to 0.19, and p = 
0.16 (I2 86.23%, p < 0.0001) (Figure 2). 

 
Figure 2. Forest plot of Cohen’s d for serum ferritin. 

The p-value for the Egger test was gained at 0.02 (β −5.72, SE 2.38), while the trim and 
fill analysis of the publication bias for ferritin outcome led to no change in the estimated 
effect size (−0.46, 95% CI −1.17 to 0.24) (Figure 3). 

 
Figure 3. Funnel plot of Cohen’s d for serum ferritin. 

Figure 2. Forest plot of Cohen’s d for serum ferritin [4,5,7,12,17,18,30].

The p-value for the Egger test was gained at 0.02 (β −5.72, SE 2.38), while the trim and
fill analysis of the publication bias for ferritin outcome led to no change in the estimated
effect size (−0.46, 95% CI −1.17 to 0.24) (Figure 3).
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Furthermore, the pooled mean difference for serum ferritin reached −366.44 ng/mL,
95% CI −844.94 to 112.05, and p = 0.13 (I2 81.63%, p < 0.0001). The coefficient for the
mean difference was also −23.23 ng/mL, 95% CI −155.21 to 108.75 when a meta-regression
operated upon considering the time during which amlodipine was used, R-squared 0.0%,
and p = 0.73 (I2 77.13%; p < 0.0001). The coefficient coming from a meta-regression with
a dose of amlodipine 5 mg/day than 2.5–5 mg/day was found at −323.49 ng/mL, 95%
CI −826.14 to 1473.12, R-squared 0.0%, and p = 0.58 (I2 87.12%; p < 0.0001). I2 remained
high once a meta-regression with the baseline values of serum ferritin was implemented
(68.20%; p < 0.0001). The coefficient was 1.25 ng/mL and 95% CI 0.15 to 2.35 (R-squared
44.16%, p = 0.07). The Egger test demonstrated a non-significant publication bias (β −0.87,
SE 1.117, and p = 0.43). After running the trim-and-fill publication bias analysis, the mean
difference turned into −377.23 ng/mL, 95% CI −901.89 to 147.43 (Figure 4 and Figure S1).
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3.4. Quality and Sensitive Analyses

Upon performing the quality analysis, the statistical heterogeneity fell to 24.33%
(p = 0.15) when the Cohen’s d for serum ferritin was calculated for the studies with a
low risk of bias (−0.2, 95% CI −0.56 to 0.17, and p = 0.15). Three included studies with
a moderate risk of bias provided a Cohen’s d of −0.48, 95% CI −1.78 to 0.83 (I2 92.08%,
p < 0.0001) (ptest of group difference = 0.09). The combined mean difference for serum ferritin
originating from the low-risk-of-bias studies was −380.35 ng/mL, 95% CI −1209.37 to
44.68 (I2 36.51%, p = 0.08), whereas that of for the moderated-risk-of-bias studies valued at
−159.87 ng/mL, 95% CI −746.42 to 426.67 (I2 88.99%, p < 0.0001) (ptest of group difference = 0.13)
(Figures S2 and S3).

Furthermore, after removing El-Haggar’s study (2018), the only study carried on
non-transfusion-dependent thalassemia, the value of Cohen’s d changed to −0.58, 95%
CI −1.31 to 0.14; p = 0.11 (I2 86.99%; p < 0.0001). The value of −484.18 ng/mL, 95% CI
−1012.01 to 42.65, and p = 0.07 was the mean difference for serum ferritin (I2 82.12%,
p < 0.0001) (Figures S4 and S5). When we took the study of Fernandes (2013) aside, the
Cohen’s d for serum ferritin reached −0.32, 95% CI −0.98 to 0.34; p = 0.34 (I2 86.66%,
p < 0.0001). The mean difference was −232.58 ng/mL, 95% CI −706.60 to 241.44, and
p = 0.34 (I2 79.65%; p < 0.0001) (Figures S6 and S7).

3.5. Liver MRI T2*

According to data that originated from two included studies (n = 96) [5,12], the overall
Cohen’s d for liver MRI T2* stood at 2.069, 95% CI −0.896 to 5.035, and p = 0.17 (I2 96.31%,
p < 0.0001). The estimated effect size did not see changes after the trim-and-fill analysis of
publication bias (Figures S8 and S9). The synthesized mean difference for liver MRI T2*
was 8.76 msec, 95% CI −4.16 to 21.67, and p = 0.18 (I2 98.38%, p < 0.000). After conducting
the trim-and-fill analysis of the publication bias, the estimated mean difference turned out
to be the same (Figures S10 and S11).

3.6. Risk of Bias Assessment

Of seven studies, one study was labeled high risk of bias. The number of studies
with moderate and low risk of bias was the same as three. The details of the risk of bias
assessment are presented in Table 2.

Table 2. The risk of bias assessment of the included trials.

Study
Random
Sequence

Generation

Allocation
Conceal-

ment

Blinding of
Participants

and
Personnel

Blinding of
Outcome

Assessment

Incomplete
Outcome

Data
Selective

Reporting Other Bias Risk of Bias

Fernandes
et al. (2013)

[12]
Unclear Low risk High risk Low risk Low risk Low risk Low risk High

Fernandes
et al. (2016)

[18]
Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low

Eghbali et al.
(2017) [7] Low risk Low risk Unclear Unclear Low risk Low risk Low risk Moderate

El-Haggar
et al. (2018)

[4]
Low risk Low risk Unclear Unclear Low risk Low risk Low risk Moderate

Khaled et al.
(2019) [5] Low risk Low risk Unclear Unclear Low risk Low risk Low risk Moderate

Karami et al.
(2021) [17] Low risk Low risk Low risk Low risk Low risk Low risk Low risk Low

Gupta V et al.
(2022) [30] Low risk Low risk Low risk Unclear Low risk Low risk Low risk Low

3.7. Level of Evidence Assessment

The quality of evidence was very low, according to the GRADE methodology (Table 3).
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Table 3. GRADE evidence profile.

Outcome

Quality Assessment Number of Participants
Cohen’s d,
95% CI 6

Quality of
Evidence 7Risk of

Bias 1
Inconsistency

2
Indirectness

3
Imprecision

4
Publication

Bias 5 Amlodipine Comparator

Ferritin serious, −1 serious, −1 not serious,
0 serious, −1 serious, −1 113 114

−0.46,
−1.11 to
0.19, 0

Very low,
−4

CI, confidence interval; 1 high risk of bias for at least one included study: −1 2 I-squared statistic (I2) >50%: −1.
3 Non-similar PICO for at least one of the pooled studies: −1. 4 The confidence interval crosses Cohen’s d null
zone (zero) or fewer than 400 participants in total: −1. 5 Egger’s linear regression test (p = 0.02). 6 Strength of
association: medium magnitude of the effect. |Cohen’s d| ≥ 0.8 as a robust strength of association: +1. 7 The
confidence in the estimated effect is very low (the true effect may substantially differ from the estimate of the
effect). GRADE quality: high quality: score 0 or +1; moderate quality: score −1; low quality: score −2; very low
quality: score −3 or less.

4. Discussion

Iron-overload-induced cardiomyopathy resulting from β-thalassemia patients is re-
sponsible for considerable cardiovascular morbidity and mortality. Protection against
myocardial damage driven by hemosiderosis has been the core determinant that expands
the life span in patients with β-thalassemia. Cardiomyopathy, and other complications
stemming from iron excess account for nearly 70% of deaths in these individuals.

The study’s results discovered that using amlodipine at the dose of 2.5 to 5 mg/day
for a year may subtly cut down serum ferritin levels around 366 ng/mL (very low level
of evidence), but the decline was about 380 ng/mL based on the low-risk-of-bias studies.
However, the heterogeneity between the included studies remained high even after running
the meta-regression based on the dose and duration of amlodipine use. An increase in
the length of amlodipine use might lead to a drop in serum ferritin levels as much as
23 ng/mL/month, although this relationship was not statistically significant. Amlodipine
at a dose of 5 mg/day was associated with a 320 ng/mL decline in serum ferritin levels
compared to those who received 2.5 to 5 mg/day, representing no significant difference in
serum ferritin values between the doses. As such, thalassemia cases with iron overload may
not take advantage of a greater dose of amlodipine in mitigating ferritin levels. The cases
with higher serum ferritin levels may meaningfully benefit more from using amlodipine,
according to the estimated mean difference drawn by the baseline serum ferritin values.
Intriguingly, the heterogeneity between included studies for serum ferritin descended as
the results were narrowed down to only studies with a low risk of bias, although the change
was not statistically significant given the low number of studies. Additionally, the findings
have cautiously also recommended amlodipine to improve liver MRI T2* around 8.76 msec
among thalassemia cases with iron overload, albeit the results suffer from scarcity of the
included studies, which points out the necessity of more primary studies in this context.

The effectiveness of amlodipine in reducing ferritin levels has also been demonstrated
in past studies. Due to amlodipine’s effect on prolonging DMT1 opening in the kidneys,
decreased urinary excretion of iron may explain amlodipine’s reduced ferritin levels [7].
Nevertheless, in some studies, the decline in ferritin was unexpected, suggesting that other
relevant factors, such as subsided inflammation, might have contributed to the fall. It is
also possible that the chelators can access iron extracellularly as iron atoms are prevented
from entering across the sites blocked by amlodipine [12].

Reticuloendothelial macrophages phagocytose red blood cells and release labile cel-
lular iron into the plasma for binding to transferrin. In the liver, heart, and endocrine
glands, non-transferrin-bound iron (NTBI) is readily transported through calcium channels,
DMT1, and TfR-2 [32]. In clinical studies, CCBs effectively removed iron from the heart in
patients with iron overload-associated cardiomyopathy. It has recently been discovered that
CCBs have pleiotropic pharmacological properties, including blocking iron and preventing
fibrosis [7]. Zhang Y et al., through an animal study, depicted that iron overload led to the
abnormal expression of L-type voltage-dependent calcium channels (LVDCC) 1C subunits,
DMT-1, and TfR-2 in the liver, ending in iron inflow into hepatocytes. Treatment with CCB
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could partly rescue the abnormal LVDCC α1C subunit patterns and reduce high levels of
DMT-1 expression in the iron-overloaded livers. CCB administration probably depletes
liver tissue of Fe2+ as LVDCC and DMT-1 allow only Fe2+ to cross the cell membrane. The
treatment of iron-overloaded livers with CCB increased hepcidin expression, indicating
that CCB therapy might recover the ability of hepatocytes in order to assess extracellular
iron [33].

Rat liver stellate cells can express LTCCs [34]. The iron-overloaded animal model with
hepatic fibrosis was treated with CCBs via two interdependent ways, including blocking
iron permeation into hepatocytes and inhibiting hepatic stellate cell (HSC) growth. These
results are consistent with iron-overloaded mouse livers where CCBs inhibited iron inflow.
Amlodipine could, therefore, be a plausible explanation for the reduced iron entrance into
hepatocytes. Accordingly, calcium channel blocking with amlodipine may represent an
effective treatment for major iron overload in thalassemia [12,34].

Through Fenton-type/Haber–Weiss reactions, free iron triggers H2O2 catabolism,
producing various toxic free radicals in biological systems [35]. Reactive oxygen species
(ROS), generated in the presence of iron, can incur damage to intracellular organelles
and cause cellular dysfunctions, apoptosis, and necrosis in the target organs, leading to
toxicity and dysfunctions. The cardiac toxicity arising from free iron is the consequence
of highly focused LVDCCs in myocardial tissue [36,37], where the channels malfunction
and an impaired excess calcium intake through these portals may occur [36]. As a result,
the mitochondrial respiratory chain and subsequent energy metabolism are ultimately
impaired, which ends in cardiomyopathy [38]. Several studies indicate that LTCC blockers
may deter hemosiderosis by counteracting cellular iron uptake and oxidative stress [39].

Studies on the performance of chelating agents have shown that using these agents
has not been sufficiently successful in ameliorating organ iron overload. The underlying
reason is that the action mechanism of iron chelators may not be effective enough to excrete
surplus iron and block the influx and accumulation of iron. As such, combination therapy
with other drugs alongside iron-chelating agents has been argued [9]. CCBs inhibit iron
influx through the cited calcium channels [28]. In addition, the potential antioxidant effects
of these agents by scavenging free radicals [39,40] and the combination therapy for iron
overload as Fe ionophores are also discussed [41]. Compared to other CCBs, amlodipine is
inexpensive and safe [42], with a trivial effect on inotropy and atrioventricular function
at regular doses [43,44]. Multiple mechanisms have been brought up for CCBs to exert
antioxidant properties, including antithrombotic and anti-inflammatory properties. It is
plausible that the chemical structure of these L-type CCBs contributes to their antioxidant
properties [45,46].

Taking amlodipine reduced oxidative stress and modified cholesterol levels in cholesterol-
fed rabbits in an in vivo study. Additionally, oxidative stress markers could be effectively
decreased in diabetic patients receiving amlodipine. A trial showed that myeloperoxidase
(MPO), an indicator of oxidative stress, was significantly reduced after monotherapy with
amlodipine. Previously, we established that amlodipine therapy coupled with routine treat-
ments with iron chelators could effectively benefit iron-overloaded transfusion-dependent
thalassemia cases by lessening malondialdehyde (MDA) concentrations and the total an-
tioxidant capacity (TAC) levels. Due to its ability to reduce NTBI uptake, amlodipine may
be effective as a potential antioxidant, particularly when iron overload is present [46,47].
One of the underlying mechanisms explaining amlodipine’s antioxidant properties is the
control of intracellular calcium overload. The antioxidant property of amlodipine dwindles
oxidative stress, reduces the level of ferritin, and may modulate endothelial function.

The studies reported no adverse effects of amlodipine therapy at the dose of 5 mg
daily [12,18,31]. In Khaled’s study [5], 20% of β-thalassemia patients treated with amlodip-
ine reported dizziness, and 15% stated swollen ankles. Hypotension was not mentioned
in that study in the amlodipine arm. Given the literature, treatment with amlodipine
alongside the standard iron chelation therapy might provide an advantageous clinical
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and cardio-friendly measurement in patients with β-thalassemia, deprived of bringing
significant adverse consequences and huge costs.

5. Conclusions

The co-administration of amlodipine and iron chelators probably mildly scales down
serum ferritin levels amid iron-overloaded thalassemia patients by roughly 366 ng/mL
(23 ng/mL per month). Using amlodipine at a dose of 5 mg/day alongside standard iron
chelators might mitigate serum ferritin levels by nearly 320 ng/mL more than the potential
decline may be seen in the cases who received 2.5 to 5 mg/day, with a non-significant likeli-
hood. Patients with higher serum ferritin levels may benefit from amlodipine therapy more.
Moreover, there is a sign of betterment in liver MRI T2* up to 8.76 msec among amlodipine
users with iron-burdened thalassemia patients, which comes from using amlodipine at a
dose of 2.5 to 5 mg a day for a year.

As the results are inconclusive and the level of evidence is very low, more well-
designed clinical trials in this area need to be invigorated. As well as that, the results may
be touched by the potential publication bias. Although the current work could identify the
quality of the carried-out studies as the potential source of heterogeneity, the low number
of studies needs to be taken into account. More studies must be considered in future
analyses to find some potential parameters that are associated with the outcome variations
following adjuvant therapy with amlodipine. Because amlodipine is not very effective, the
co-administration of amlodipine with compounds that can specifically reduce iron entry
into cells, for instance, ebselen—an antioxidant selectively blocking DMT-1—can bring
more clinical efficacy to these patients. Furthermore, whether amlodipine therapy has a
potential superiority in this performance with a specific iron chelator would be intriguing,
which calls for more clinical trials.
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www.mdpi.com/article/10.3390/thalassrep13040021/s1, Figure S1: Funnel plot of mean difference
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Figure S3: Forest plot of mean difference for serum ferritin based the risk of bias assessment; Figure
S4: Forest plot of Cohen’s d for serum ferritin after removing El-Haggar’s study; Figure S5: Forest
plot of mean difference for serum ferritin after removing El-Haggar’s study; Figure S6: Forest plot of
Cohen’s d for serum ferritin after removing the study of Fernandes (2013); Figure S7: Forest plot of
mean difference for serum ferritin after removing the study of Fernandes (2013); Figure S8: Forest
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