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ABSTRACT

Congestive heart failure (CHF) frequently coexists with anemia, which is associated with negative results. To the best of our knowledge,
this was the first study to evaluate the characteristics of iron metabolism markers in patients with CHF and anemia in Jordan. The current
investigation included 150 CHF patients divided into 3 subgroups: 50 patients with absolute iron deficiency (AID) where (serum ferritin
(SF) <100 ug/L), 50 patients with functional iron deficiency (FID) where (SF=100-300 ug/L and iron transferrin saturation coefficient
(ITSC) <20%), and 50 other patients having anemia without ID. Among the total studied patients, hemoglobin values corresponded to
a mild degree of anemia. Serum iron (SI), serum ferritin (SF), and soluble transferrin receptors (STR) matched reference levels,
transferrin (TR) was below normal, and the median iron transferrin saturation coefficient (ITSC) <20% is an indication of ID. SI, SF,
and TR conformed to reference values. TR, STR, ITSC, total iron-binding capacity (TIBC), endogenous erythropoietin (EPO), and C-
reactive protein (CRP) all showed statistically significant variations among the studied subgroups, indicating important variations in iron
metabolism of these subgroups. In the AID subgroup, CRP and hepcidin values were minimal, indicating a minor role in inflammation.
Anemia in individuals with CHF was normocytic and normochromic, with low erythropoietin release and significant amounts of CRP
and hepcidin. At later phases, iron supplements should be recommended for these two subgroups.
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Introducti and 49 participated in a national household-level micronutrient
ntroauction survey between 2002 and 2010. The incidences of iron deficiency
and iron deficiency anemia were reported to be 35.2% and
19.6%, respectively [8]. In 21% of individuals with CHF, iron

deficiency (ID) is identified as the primary cause of anemia.

Cardiologists frequently encounter anemia in congestive heart

failure (CHF) patients [1, 2]. Various papers state that it affects
7-79% of individuals with CHF [3, 4]. Anemia is more common
as the functional class of CHF rises, from 8-33% for functional
class II to 19-68% and even 80% for functional class III-IV [5-7].

In Jordan, 2,026 non-pregnant women between the ages of 15

Inflammatory bowel disease, Parkinson's discase, rheumatic
illnesses, and chronic renal failure are just a few of the chronic
diseases that it has been shown to aggravate. Anemia of chronic
disease takes the top spot, accounting for 58% of all cases [7].
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Inflammation and the ID factor play a major role in the

progression of anemia in CHF. The severity of CHF gets worse
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functionality of the heart muscle is decreased in CHF patients
who have ID anemia, and the progression of myocardial ischemia
is accelerated [12].
Many believe that ID has a major role in the detrimental effects
of iron-deficient anemia on the development of CHF. As a result
of ID, the formation of the heme-containing protein myoglobin
is altered, energy metabolism declines, mitochondrial
dysfunction occurs, and cardiac function declines [13, 14]. ID
anemia is linked to an improvement in cardiac output,
hypertrophy, and dilatation of the left ventricle, as well as a
decline in the performance of the myocardium and skeletal
muscles. On the other hand, normal iron content is linked to a
rise in the body's endurance and aerobic ability [15, 16]. The
literature states that the ID-related poor prognosis is unaffected
by the existence or absence of ID anemia [17]. In individuals who
have CHF, ID is linked to higher mortality. According to these
findings, the presence of ID is linked to a worse prognosis than
the presence of anemia [18]. Currently, it is understood that
anemia in addition to ID is a very bad situation for a patient with
CHF.
Along with hemodilution, the etiology of anemia and ID in CHF
is dependent on activities that may be brought on by a variety of
factors:
e absolute ID (AID) connected to medication interactions,
occult bleeding, and malnutrition;
® Functional iron deficiency (FID) is a condition in which there
is persistent inflammation and iron is reallocated from the
blood to the depot under the control of the key iron-
regulatory protein hepcidin;
® Anemia in chronic disorders is characterized by a disruption
of erythropoiesis caused by a reduction in endogenous
erythropoietin (EPO) synthesis (the inhibitory influence of
pro-inflammatory cytokines) [19, 20].

Hyponormochromic, micro-normocytic anemia, low serum iron
(SI), and an iron transferrin saturation coefficient (ITSC) of less
than 20% are the hallmarks of all iron deficiency diseases [3, 21].
A serum ferritin (SF) level of less than 100 pg/1, an increase in
total iron-binding capacity (TIBC), transferrin levels (TR),
soluble transferrin receptors (STR), and elevated concentrations
of endogenous EPO are all indicators of AIDS. A SF level of less
than 30 g/L is indicative of iron-deficiency anemia.

FID is diagnosed when SF levels are between 100 and 300 ug/1,
inflammatory indicators (such as CRP and hepcidin levels) rise,
EPO levels are normal or lowered, and low transferrin (TR)
quantities are observed. These conditions are characteristic of
anemia caused by chronic illnesses, which can also manifest as an
isolated erythropoiesis problem without ID [22-26].
Considering the availability of clinical guidelines and several
scientific studies, Jordan has not yet found a solution to the issue
of the best method for treating anemia in patients with CHF.
Ferrotherapy is currently the most popular method for treating
ID anemia in patients with CHF in outpatient clinics; typically,
parenteral injection of iron preparations is employed [27, 28].

Jordan is a nation with a low to middle income [29], where it is

thought that the financial load is fairly heavy. Jordan presently
does not have any official educational or medical policies that
address the problem of ID in CHF patients. To the best of our
knowledge, this was the first study to evaluate the characteristics
of iron metabolism markers in patients with CHF and anemia in
Jordan. The primary outcome was to evaluate the erythrocyte
parameters in patients with CHF and anemia. The secondary
outcome was to recognize the characteristics of iron metabolism,
erythropoiesis as well and inflammation markers among the

studied patients.

Materials and Methods

Studly design and setting

This was a retrospective cross-sectional study. The study
included 150 patients with a diagnosis of CHF and anemia, who
were in the hospital for decompensation of CHF or who applied
on an outpatient basis in a large private hospital in Jordan

during the period from January to March 2023.

Data collection

The diagnosis of CHF was established in accordance with the
American College of Cardiology/American Heart Association
Joint Committee on Clinical Practice Guidelines of 2022 [30]:

1. The stages of CHF were established according to the
domestic classification [31].

2. Functional class CHF was determined according to the
criteria of the New York Heart Association (NYHA —
New York Heart Association) [32].

3. Toassess the presence of CHF, the level of the N-terminal
fragment of the precursor of the brain natriuretic peptide
(NT-proBNP) was taken into account.

4. The diagnosis of anemia was established according to the
criteria of the World Health Organization (WHO)
according to the level of hemoglobin in men <130 g/1, and
in women <120 g/1[33].

Patients
The study included 150 patients with a diagnosis of CHF and

anemia.

Inclusion criteria
Patients not receiving iron preparations before the study for 3

months;

Exclusion criteria

e severe and acute anemia;

®  proven causes of anemia (diseases of the gastrointestinal
tract, bleeding, malabsorption, etc.);

® systemic inflammatory, oncological, autoimmune,
infectious diseases;

®  kidney disease, chronic kidney disease 211 stage;
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®  blood diseases

®  patients with CHF stages Il and IV, according to NYHA.

Laboratory measurements

Anemia parameters were assessed in the total participants of
patients before the start of CHF treatment. To obtain the main
characteristics of anemia, erythrocyte indicators of a clinical
blood test were used: hemoglobin (Hb), red blood cell count
(RBC), hematocrit (Ht), mean corpuscular hemoglobin (MCH),
mean corpuscular volume (MCV), erythrocyte sedimentation
rate (ESR). To assess the violation of iron metabolism,
biochemical parameters were studied: SI, SF, TR, and soluble
transferrin receptors (STR). The activity of erythropoiesis was
assessed by the EPO index. The degree of systemic inflammation
and its effect on iron metabolism was determined by the content
of CRP and hepcidin.

In order to identify differences in the characteristics of anemia,
participants were divided into 3 subgroups: patients with AID
(SF <100 pg/L) (n=50), with FID (SF 100-300 pg/L and ITSC
<20%) ( n=50), and other patients (anemia without ID, n=50).

Treatment intervention

For the treatment of CHF, uniform standards were used,
regardless of age and gender. Basic therapy for CHF in the total
participants included: angiotensin-converting enzyme inhibitors,
angiotensin II receptor blockers, [-blockers (with additional
prescription of ivabradine according to indications), nitrates,
diuretics, digoxin, as well as amiodarone in the presence of
ventricular arrhythmias, oral anticoagulants, heparin or low
molecular weight heparins (for venous thrombosis), omega-3

polyunsaturated fatty acids, etc. [34].

Ethical considerations

The research was carried out in conformity with the Declaration
of Helsinki's tenets and Good Clinical Practice. The Research
Ethics Committee at the University of Petra gave its approval to
the study plan. Before enlisting in the research, all individuals

gave written consent.

Statistical analysis

Statistical analysis was performed using the IBM SPSS Statistics-
20 application package. The hypothesis about the normality of
the distribution of indicators was tested using the Shapiro-Wilk
test. With a distribution close to normal, the results were
expressed as the mean and standard deviation (Mean % SD), and
differences were assessed using Student's t-test. With a
distribution other than normal, the results were presented as a
median and interquartile range [Median (min-max)], and non-
parametric Wilcoxon and Mann-Whitney tests were used to
assess differences. Friedman's test was used to determine the
degree of difference between three dependent samples.

Differences were considered statistically significant at P <0.05.

Results and Discussion

The mean age (interquartile range) was 77.4 (66-82) years, of
which 70 (46.7%) female patients and 80 (53.3%) males; more
than half of the studied patients 85 (56.7%) had stage I of CHF
(the least severe stage with no symptoms); patients with stage II
were 65 (43.33%).

Table 1. Demographic and clinical data of the studied
patients (n=150)

Variable Parameter N (%)
Age (years) e Median (min-max) 77.4 (66-82)
e Male 80 (53.3%)
Sex n (%)
e  Female 70 (46.7%)
e Stagel 85 (56.7%)

CHEF Stage n (%)
e Stagell 65 (43.33%)

Erythrocyte parameters in patients of the total participants are
presented in Table 2. Hb values corresponded to a mild degree
of anemia, the characteristics of normochromic normocytic
anemia were traced. Hb recorded 111 g/I ranging from 103 to
118 g/1. The median RBC was 3.8 10'?/1 with a range from 3.6
to 3.99 10"2/1. The median value of MCH was 29 pg with a range
of 25 to 331 pg. the median value of MCV was 87 fl with a range
of 81 to 111f1.

Table 2. Erythrocyte parameters in patients of the total
participants (n=150)

Index Reference values Median (min-max)
Hb (g/1) M: 126-174, F: 117-161 111 (103-118)
RBC (10"/1) M: 3.9-5.8, F: 3.7-5.2 3.8 (3.6-3.99)
MCH (pg) 27-31 29 (25-331)
MCV (fl) 81-102 87 (81-111)

Note: M - male, F — female, Hb - hemoglobin, RBC - Red blood cell count, MCH — Mean

Corpuscular Hemoglobin, MCV: Mean Corpuscular Volume.

Indicators of iron metabolism, erythropoiesis, and inflammation
markers in the total participants are presented in Table 3. SI, SF,
and soluble transferrin receptors (STR) matched reference
levels, transferrin (TR) was below normal, which was not usual
for ID, and the median ITSC <20% is an indication of ID. SI, SF,
and TR conformed to reference values. High average values of
CRP and hepcidin suggested the existence of systemic
inflammation and blockage of iron circulation, while normal
values of EPO indicated insufficient erythropoiesis in anemia and
CHF.

Table 3. Indicators of iron metabolism and their

reference values among total participants (n=150)

Index Reference values

M: 20-60 years: 30-400
F: 17-60 years: 13-150

Median (min-max)

SF (ng/ml) 168 (75-352)
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SI (umol/1)
TR (g/1)
STR (mg/1)
ITSC (%)
TIBC (umol /1)
EPO (mIU/ml)
CRP (mg/1)

Hepcidin (ng/1)

5.83-34.5
2.0-3.6
M:2.2-5.0. F: 1.9-4.4
20-55
45-76
4.3-29.0
<5

<(60-85)

9 (5-11)
1.8 (1.7-2.5)
3.9 (2.5-5.3)
18 (11-30)
42 (34-53)
16 (9-24)
17 (5-46)

173 (76-485)

Note: M — male, F - female, SF - serum ferritin, SI — serum iron, TR — transferrin, STR
— soluble transferrin receptors, ITSC - Iron transferrin saturation coefficient, TIBC - total

iron-binding capacity of serum, EPO — erythropoietin, CRP — C-reactive protein.

When studying indicators of anemia, there were no statistical
differences from functional class CHF in any of the studied
parameters in the total participants of patients. A wide range of
values was noteworthy, probably due to the small total group
studied.

Characteristics of anemia, indicators of iron metabolism,
erythropoiesis, and inflammation, according to the variant of
anemia and ID (AID, FID, and anemia without ID) are presented
in Figure 1. TR, STR, ITSC, TIBC, EPO, and CRP all showed
statistically significant variations, indicating important variations

in iron metabolism among these subgroups.

NT-proBNP
1500
—_ = AD
= FID
1000 Hm Anemia without ID
E
(=)
o
500
0_
\?\0 & \}\\0
,QO
$\\
&
«\z&
I
a)
Hb
200 ns
o | = AID
1504 mm FID
HEm Anemia without ID
S 100
50—
O_
b)

RBC
ns
6q ——o
_4_
S
Ll
=Y
i
2—
0—
O O ©
< =
&
&
N
(\Q’@
R
c)
MCH
ns
50
40—

V\O < 0\\0

&
@
N
(\Q’é\
e
d)
MCV
1507 —= 4
100
50
0_
ISR
\QO
\é\\
&
N
(\‘Z'&
&
e)
Sl
ns
257 p—————
20
= 154
o
£
3 104
5]
O_
@0 < o\)\\O
&
S
R
<
(\Qz

Journal of Advanced Pharmacy Education & Research | Jan-Mar 2024 | Vol 14 | Issue 1

Ea AID
Em FID
Hm Anemia without ID

Ea AID
mEm FID
HEm Anemia without ID

Ea AID
mEm FID
Em Anemia without ID

Ea AID
Em FID
Hm Anemia without ID



Abdel-Qader et al.: Evaluation of the characteristics of iron metabolism markers in patients with CHF-related anemia in Jordan

TR
* %k

1 ——

9)
STR
*
10— |—|
8_
— 61
=)
g ]
2—
O_
REPSERS
x°
N
é*\'b&
<
&
h)
ITSC

TIBC
1009 —2E* 4

pmol/l

)

Em AID
mEm FID
Hm Anemia without ID

BEa AID
mm FID
Hm Anemia without ID

Em AID
mEm FID
Hm Anemia without ID

Ea AID
Em FID
Hm Anemia without ID

EPO
a0 p—2* 4
Ea AID
mm FID
_ mEm Anemia without ID
£
=]
£
k)
CRP
159 |;|
Em AID
mEm FID
10 Hm Anemia without ID
>
<]
54
o-
© ® (°
‘\0
&
R
NS
(\Q’&
[
D
Hepcidin
* %k
800 |—|
Ea AID
600 Em FID
HE Anemia without ID
S 400
=
200
0-
v§> < 6‘\0
‘(\0
\é{\
@
N
0‘2’@
I
m)

Figure 1. Indicators of iron metabolism depending on the
variant of anemia and ID.

Note: data was presented as Mean + SD. AID — absolute iron
deficiency, IA — iron deficiency, ITSC - Iron transferrin
saturation coefficient, TIBC — total serum iron-binding
capacity, STR — soluble transferrin receptors, SI — serum
iron, CRP — C-reactive protein, TR — transferrin, MCH —
mean content of hemoglobin in erythrocytes, FID —
functional iron deficiency, SF — serum ferritin, EPO —
erythropoietin, Hb — hemoglobin, RBC — Red blood cells,
NT-proBNP — N-terminal fragment of probrain natriuretic
peptide, MCV: Mean Corpuscular Volume. n.s: not
significant, *p significant if <0.05, **p highly significant if
<0.001.

Given the fact that statistically significant differences in (Figure
1) are presented only for indicators that had a nonparametric
distribution, at the second stage of the analysis, post-hoc pairwise

comparisons of these indicators were carried out using the Mann-
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Whitney test. Since comparisons were made in 3 groups, taking
into account the "multiple comparisons effect", a new critical
significance level "P" was determined: 0.05/3=0.017 (Table
4). In the AID subgroup, CRP and hepcidin values were minimal,
indicating a minor role in inflammation; in the FID subgroup,
iron transferrin saturation coefficient values were minimal, but
TR, STR, TIBC, and EPO values were maximal, indicating a high
need for iron and activation of hematopoiesis. A minimum of
EPO and a maximum of hepcidin were found in the subgroup
with anemia without ID, identifying these individuals as a group

with the usual anemia of chronic illnesses.

Table 4. Post hoc comparisons of iron metabolism
indicators among subgroups of AID, FID, and anemia
without ID

P-value
AID FID- Anemia-
Index
FID without ID  without ID
(n=50) (n=50) (n=50)
TR (g/1) 0.6 0.03 0.002
STR (mg/1) 0.05 0.002 0.2
Iron transferrin saturation ) )
coefficient (%) 0.08 0.00 0.0
TIBC (umol/1) 0.8 0.008 0.003
EPO (mIU/ml) 0.04 0.004 0.2
CRP (mg/1) 0.08 0.9 0.004
Note: critical significance level p<0.017. AID — absolute iron deficiency, ID — iron

deficiency, TIBC — total serum iron-binding capacity, STR — soluble transferrin receptors,
CRP — C-reactive protein, TR — transferrin, FID — functional iron deficiency, EPO —

erythropoietin.

The official literature has long discussed the close relationship
between anemia and CHF, and its negative impact on the
outcomes and course of CHF. It is still a debatable issue about
the primary etiological factor of this problem and the methods
for its solution [35]. However, the most important factor is
currently assigned to the factor of ID, which, in addition to
impaired hematopoiesis, leads to a decrease in the performance
of the heart muscle [28, 36]. Thus, the problem of anemia and
ID in CHF requires the development and implementation of
diagnostic and therapeutic measures, especially since a
pronounced positive clinical effect of successful correction of
anemia in this category of patients has been proven [37-39]. To
the best of our knowledge, this was the first study to evaluate the
characteristics of iron metabolism markers in patients with CHF
and anemia in Jordan.

Our findings, which were consistent with those of other
investigations, demonstrated that anemia and a rise in its intensity
might raise the risk of secondary, chronic conditions brought on
by CHF and lead to an adverse prognosis for the condition [40-
).

Iron deficiency anemia is an extreme stage of ID, so it is
completely wrong to interpret iron deficiency syndromes as iron
deficiency anemia. For example, many domestic publications
indicated the detection of ID anemia in patients with CHF and
anemia [19, 43]; in turn, foreign colleagues interpreted such

changes as ID — this is the right decision, which is confirmed by

the latest accepted clinical recommendations for CHF [44, 45].
ID is a common cause of anemia and the factors that lead to the
development of iron deficiency erythropoiesis are different and
are called iron deficiency syndromes. There are AID, FID, and
iron deposition as a manifestation of anemia of chronic diseases.
They are characterized by common similar parameters in terms
of erythrocyte and SI morphology: hypo-normochromic, micro-
normocytic character of anemia, and low level of SI, so these
parameters should never be used to confirm one or another
variant of iron deficiency syndromes [35]. However, an obvious
difference was found in the indicators of iron metabolism (SF,
ITSC, TIBC, STR), which are necessary for differential diagnosis
of syndromes and the issue of methods for further treatment of
patients.

In the patients examined in this work, normochromic,
normocytic anemia was revealed with EPO indicators, as a factor
in the adequacy of erythropoiesis, 16 (9-24) IU/I, the most
important regulator of iron metabolism, hepcidin - 173 (76-485)
ng/1, CRP - 17 (5-46) mg/1, which characterized this variant of
anemia as anemia of chronic disease, and the content of FS was
168 (75-352) pg/l, and ITSC - 18 (11-30), which indicated a
significant the role of ID in this group.

In a related investigation by Spazzafumo et al. (2021) [46], they
discovered a negative association between Hb and CRP,
indicating that anemia may be a sign of inflammation in older
people. The dysregulation of proinflammatory cytokines,
especially interleukin-6, which might also negatively impact
hematopoiesis by either blocking the generation of
erythropoietin (EPO) or by interfacing with EPO receptors, is
also substantially associated with aging, according to the latest
researches [47, 48]. In a research similar to ours, Morici et al.
found that older patients with CVD and anemia in the previous
24 months had a greater mortality risk than those with anemia in
general [48, 49].

No data were obtained on the effect of CHF functional class on
the parameters of erythrocytes, iron metabolism, erythropoiesis,
and inflammation markers.

The number of patients with AID was 33.3%, with FID — 33.3%,
with anemia without FD — 33.3%. Moreover, AIDS and FID
were characterized by significant disorders of iron metabolism,
and anemia without ID is a typical anemia of chronic diseases.
Thus, about 66.7% of patients with anemia and CHF require the
appointment of iron preparations.

The data obtained could make it possible to single out a separate
group of patients with SF <30 ug/1 according to the signs most
similar to ID anemia. Other forms of iron deficiency syndromes
with SI <30 pg/1 met the criteria for anemia of chronic disease
with or without ID (extremely high levels of not only hepcidin
but also CRP and EPO).

Limitations

One limitation of our study was the absence of information on
concurrent erythropoietin treatment or blood transfusions. Also,
we lacked follow-up data regarding patients with anemia and

inflammation; this information would undoubtedly be very
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intriguing. To validate these results, larger clinical investigations

with prospective designs are necessary.

Conclusion

In patients with CHF, anemia was normochromic, and
normocytic, characterized by a high content of CRP, hepcidin,
and inadequate production of EPO.

Patients with AID and FID did not differ in the main parameters
of iron metabolism and in the aggregate account for 66.7% (p =
0.02) of the total group; these patients require the appointment

of iron preparations.

Acknowledgments: The authors thank all participants who took part

in the study, and all sub-investigators, study coordinators and site staff

who contributed to the conduct of this study.

Conflict of interest: None

Financial support: The study was funded by the University of Petra.

Ethics statement: Informed consent was obtained from all subjects

involved in the study.

References

1. Rizzo C, Carbonara R, Ruggieri R, Passantino A, Scrutinio
D. Iron deficiency: A new target for patients with heart
failure - Front Cardiovasc Med. 2021;8:709872.

2. Zahidova K. Selection of optimal therapy at correction of
the anemic syndrome in patients with chronic heart failure.
Kardiologiia. 2018;1:25-31.

3. Anand I, Gupta P. Anemia and iron deficiency in heart
failure: Current concepts and emerging therapies. Circ
Res. 2018;138(1):80-98.

4. Sathyan S, George S, Vijayan P. Prevalence of anemia and
cardiovascular diseases in chronic kidney disease patients:
A single tertiary care centre study. ] Adv Med Med Res.
2017;4(1):247-51.

5. Vatutin NT, Taradin GG, Kanisheva IV, Venzhcha VV.
Anaemia and iron deficiency in chronic heart failure
patients. Kardiologiia. 2019;59(45):4-20.

6. Silverberg DS, Wexler D, Schwartz D. Is correction of
iron deficiency a new addition to the treatment of the heart
failure? Int ] Mol Med Sci. 2015;16(6):14056-74.

7. Ezekowitz JA, O'Meara E, McDonald MA, Abrams H,
Chan M, Ducharme A, et al. 2017 Comprehensive update
of the Canadian Cardiovascular Society guidelines for the
management  of heart failure. Can ] Cardiol.
2017;33(11):1342-433.

8. Serdula MK, Nichols EK, Aburto NJ, Masa'd H, Obaid B,
Wirth ], et al. Micronutrient status in Jordan: 2002 and
2010. Eur ] Clin Nutr. 2014;68(10):1124-8.

9.

10.

12.

13.

15.

16.

17.

18.

20.

21.

22.

23.

Weiss G, Ganz T, Goodnough LT. Anemia of
inflammation. Am Soc Hematol Educ Program.
2019;133(1):40-50.

Lanser L, Fuchs D, Scharnagl H, Grammer T, Kleber ME,
Marz W, et al. Anemia of chronic disease in patients with
Cardiovasc ~ Med.

cardiovascular  disease.  Front

2021;8:666638.

. Suega K, Widiana GR. Predicting hepcidin level using

inflammation markers and iron indicators in patients with
anemia of chronic disease. Hematol Transfus Cell Ther.
2019;41:342-8.

Taneri PE, GomezOchoa SA, Llanaj E, Raguindin PF,
Rojas LZ, Roa-Diaz ZM, et al. Anemia and iron
metabolism in COVID-19: A systematic review and meta-
analysis. Eur ] Epidemiol. 2020;35:763-73.

Sirbu O, Sorodoc V, Jaba IM, Floria M, Stoica A, Profire
L, et al. The influence of cardiovascular medications on
iron metabolism in patients with heart failure. Medicina.
2019;55(7):329.

. Kurz K, Lanser L, Seifert M, Kocher F, Polzl G, Weiss G.

Anaemia, iron status, and gender predict the outcome in
patients with chronic heart failure. ESC Heart Fail.
2020;7(4):1880-90.

Bellmann-Weiler R, Lanser L, Barket R, Rangger L,
Schapfl A, Schaber M, et al. Prevalence and predictive
value of anemia and dysregulated iron homeostasis in
patients with COVID-19 infection. ] Clin Med.
2020;9(8):2429.

Gonzalez-Dominguez A, Visiedo-Garcla FM, Dominguez-
Riscart ], Gonzalez-Dominguez R, Mateos RM, Lechuga-
Sancho AM. Iron metabolism in obesity and metabolic
syndrome. Int ] Mol Sci. 2020;21(15):5529.

Mehta S, Goyal LK, Parmar R, Dhayal GL, Jain G. Anemia
in elderly: A review. J Indian Acad Geriatr. 2018;14:74-8.
Lanser L, Fuchs D, Kurz K, Weiss G. Physiology and
inflammation  driven  pathophysiology ~ of  iron
homeostasis—mechanistic ~ insights into anemia of
Nutrients.

inflammation and its treatment.

2021;13(11):3732.

. Cappellini MD, Comin-Colet ], de Francisco A, Dignass

A, Dochner W, Lam CS, et al. Iron deficiency across
chronic inflammatory conditions: International expert
opinion on definition, diagnosis, and management. Am ]
Hematol. 2017;92(10):1068-78.

Lakhal-Littleton S. Mechanisms of cardiac iron homeostasis
and their importance to heart function. Free Radic Biol
Med. 2019;133:234-7.

Begum S, Latunde-Dada GO. Anemia of inflammation
with an emphasis on chronic kidney disease. Nutrients.
2019;11(10):2424.

Ginzburg YZ. New diagnostic tools for delineating iron
status. Hematology 2014. Hematology Am Soc Hematol
Educ Program. 2019;(1):327-36.

Sonnweber T, Pizzini A, Tancevski I, Loffler-Ragg J, Weiss

G. Anaemia, iron homeostasis and pulmonary

Journal of Advanced Pharmacy Education & Research | Jan-Mar 2024 | Vol 14 | Issue 1



Abdel-Qader et al.: Evaluation of the characteristics of iron metabolism markers in patients with CHF-related anemia in Jordan

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

hypertension: a review. Intern Emerg Med. 2020;15:573-
85.

Nita E, Bairaktari E, Kolios G, Migkos MP, Somarakis GP,
Markatseli T, et al. Role of hepcidin in anemia of chronic
disease in rheumatoid arthritis. ] Lab Physicians.
2021;13(04):317-22.

Cunha GJ, Rocha BM, Falcio LM. Iron deficiency in
chronic and acute heart failure: A contemporary review on
intertwined conditions. Eur | Intern Med. 2018;52:1-7.
Gattermann N, Muckenthaler MU, Kulozik AE,
Metzgeroth G, Hastka J. The evaluation of iron deficiency
and iron overload. Dtsch Arztebl Int. 2021;118(49):847.
Singer CE, Vasile CM, Popescu M, Popescu AlS,
Marginean IC, lacob GA, et al. Role of Iron deficiency in
heart failure—Clinical and treatment approach: An
overview. Diagn. 2023;13(2):304.

Alnuwaysir RI, Hoes MF, van Veldhuisen DJ, van der Meer
P, Grote Beverborg N. Iron deficiency in heart failure:
Mechanisms and  pathophysiology. ] Clin  Med.
2022;11(1):125.

Awidi M, Bawaneh H, Zureigat H, AlHusban M, Awidi A.
Contributing factors to iron deficiency anemia in women
in Jordan: A single-center cross-sectional study. PLoS
One. 2018;13(11):e0205868.

Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun [],
Colvin MM, et al. AHA/ACC/HFSA guideline for the
management of heart failure: executive summary: A report
of the American college of cardiology/American heart
association joint committee on clinical practice guidelines.
] Am Coll Cardiol. 2022;79(17):1757-80.

Mosaterd A, Deckers JW, Hoes AW, Nederpel A, Smeets
A, Linker DT, et al. Classification of heart failure in
population based research: An assessment of six heart
failure scores. Eur ] Epidemiol. 1997;13:491-502.

van den Broek SA, van Veldhuisen DJ, de Graeff PA,
Landsman ML, Hillege H, Lie KI. Comparison between
New York Heart Association classification and peak oxygen
consumption in the assessment of functional status and
prognosis in patients with mild to moderate chronic
congestive heart failure secondary to either ischemic or
idiopathic  dilated Am ] Cardiol.
1992;70(3):359-63.

Paton WDM. The use of cannabis: Report of a WHO
scientific group. World health organization technical
report series 478: 4730 WHO: Geneva 1971. Psychol
Med. 1973;3(1):130.

Lewis GD, Semigran M], Givertz MM, Malhotra R,
Anstrom KJ, Hernandez AF, et al. Oral iron therapy for

cardiomyopathy.

heart failure with reduced ejection fraction: Design and
rationale for oral iron repletion effects on oxygen uptake
in heart failure. Circ Heart Fail. 2016;9(5):e000345.
Stuklov NI. Iron deficiency and anemia in patients with
chronic heart failure. Ration Pharmacother Cardiol.
2017;13(5):651-60.

Cappellini MD, Musallam KM, Taher AT. Iron deficiency
anaemia revisited. ] Intern Med. 2020;287(2):153-70.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Girelli D, Marchi G, Camaschella C. Anemia in the
elderly. Hemasphere. 2018;2(3):e40.

Muiioz M, Gémez-Ramirez S, Bhandari S. The safety of
available treatment options for iron-deficiency anemia.
Expert Opin Drug Saf. 2018;17(2):149-59.

Lee NH. Iron deficiency anemia. Clin Adv Hematol Oncol.
2020;27(2):101-12.

Akpinar CK, Gurkas E, Aytac E. Moderate to severe
anemia is associated with poor functional outcome in acute
stroke patients treated with mechanical thrombectomy.
Interv Neurol. 2018;7(1-2):12-8.

Elbarbary M, Honda T, Morgan G, Guo Y, Guo Y, Kowal
P, et al. Ambient air pollution exposure association with
anaemia prevalence and haemoglobin levels in Chinese
adults. Public Health.
2020;17(9);3209.

Styszyflski A, Chudek ], Mossakowska M, Lewandowski
K, Puzianowska-KuZnicka M, Klich-Rgczka A, et al.
Causes of anemia in polish older population—Results from
the PolSenior study. Cells. 2021;10(8):2167.

McDonagh T, Damy T, Doehner W, Lam CS, Sindone A,

van der Meer P, et al. Screening, diagnosis and treatment

older Int ] Environ Res

of iron deficiency in chronic heart failure: Putting the 2016
European Society of cardiology heart failure guidelines into
clinical practice. Eur ] Heart Fail. 2018;20(12):1664-72.
Tim Goodnough L, Comin-Colet ], Leal-Noval S, Ozawa
S, Takere J, Henry D, et al. Management of anemia in
patients with congestive heart failure. Am ] Hematol.
2017;92(1):88-93.

De Franceschi L, Iolascon A, Taher A, Cappellini MD.
Clinical management of iron deficiency anemia in adults:
Systemic review on advances in diagnosis and treatment.
Eur | Intern Med. 2017;42:16-23.

Spazzafumo L, Olivieri F, Sabbatinelli J, Galeazzi R,
Recchioni R, Marcheselli F, et al. Prognostic relevance of
normocytic anemia in elderly patients affected by
cardiovascular disease. ] Geriatr Cardiol. 2021;18(8):654.
Santoro A, Zhao ], Wu L, Carru C, Biagi E, Franceschi C.
Microbiomes other than the gut: Inflammaging and age-
related  diseases. Semin
2020;589-605.

Morici N, De Servi S, De Luca L, Crimi G, Montalto C,
De Rosa R, et al. Management of acute coronary
adults.  Eur  Heart J.

Springer Immunopathol.

syndromes  in  older
2022;43(16);1542-53.

Stucchi M, Cantoni S, Piccinelli E, Savonitto S, Morici N.
Current

Anemia and acute Coronary

perspectives. Vasc Health Risk Manag. 2018;109-18.

syndrome:

Journal of Advanced Pharmacy Education & Research | Jan-Mar 2024 | Vol 14 | Issue 1



