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All available articles on dialysis patients worldwide with or
without iron deficiency were reviewed. Articles published 1
January 2015 to 30 June 2021 were reviewed in Literature
databases (PubMed, Scopus, Web of Science, and EBSCO). 163
articles were found in the initial search, the full text of the article
was reviewed, and finally, 144 studies were selected. Most
existing studies have found that serum ferritin and Hb
concentrations are appropriate for defining ID. Several studies
have reported transferrin saturation (TSAT) as a complementary
diagnostic test. Therapeutic goals in studies selected to treat iron
deficiency were to increase the hemoglobin concentration to 10-
12 g / dL. Some articles have reported that TSAT varies from 20%
to 50% in dialysis patients. The mean value of iron deficiency
biomarkers in anemic and non-anemic dialysis patients was
assessed. Clinicians should notice hemoglobin and serum ferritin,
especially in dialysis patients, and these two biomarkers can be a
mark for iron deficiency diagnosis in dialysis patients. In contrast,
the mean level of transferrin saturation in dialysis patients is
normal.
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Introduction

macrophages trapped by them, leading to
kinetic imbalances. Iron demand increases but

One of the most common eating disorders in
recent decades worldwide is ID, which affects
more than 30% of the world's population with
anemia, and as a result, is the leading cause of
ID disease [1]. Nutrient deficiencies are more
prevalent; women with more extended
menstrual periods are more likely to have ID.
One of the most common complications of ID
cancer is reported in 42.6% in various tumors
[2]. ID is common in 45% of people with
inflammatory bowel disease, 25 to 85% in the
chronic kidney [3] and dialysis patients, and
43 to 100% in patients with chronic heart
failure [4,5]. Functional Identification Occurs
escape from the

when iron fails to
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iron supply are low. Thus, in functional
function, iron is excreted in the
reticuloendothelial system. Hepatocytes in
these deficient
concentration of iron [6]. ID can strongly
predict mortality in heart and kidney disease
[7]- As a result, the diagnosis and treatment of
iron deficiency in the clinic are essential.
According to the World Health Organization,
iron deficiency is directly related to serum
ferritin concentration thresholds, which vary
by sex, age, and infectious background [1].
However, this explanation is not adequate
in many conditions,
inflammation and CKD(e.g., dialysis patients),

conditions have a

clinical including
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in which ferritin concentrations get increased
and thus are incorrectly normal
associated with ID [7]. However, in clinical
settings, these explanations are practically
different. Although the ferritin concentration
increases in dialysis patients, it is not enough.
Although it is associated with ID, it is naturally
incorrect. In previous studies,
recommendations for drug ID have been
reported differently
Consensus on results is essential and should
be considered appropriately. The present
study investigated the relationship between
iron deficiency and biomarker symptoms in
dialysis patients.

when

in each indication;

Biomarkers of iron deficiency

Laboratory biomarkers of iron deficiency such
as hemoglobin content in reticulocytes (CHr),
percentage of hypochromic red blood cells
(%HYPO), erythrocyte zinc protoporphyrin
(ZPP), soluble transferrin receptor (sTfR),
hepcidin, and
interference devices (SQUID), with classical
laboratory biomarkers, such as bone marrow
iron stores, serum iron, transferrin saturation
(TSAT), iron-binding capacity, and serum
ferritin are the most critical biomarkers in
dialysis patients [8].

superconducting quantum
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Methods search strategy

This systematic review study used Web of
Science, Google Scholar, PubMed, Scopus, and
EBSCO databases to search for articles.
PRISMA checklist was used to search for the
studies.

Only Observational and
investigations focusing on ID in dialysis
patients (Adults) were included. Othe type of
study design, a sample size of fewer than 10
patients, studies limited to iron deficiency
patients with other renal conditions than
dialysis were excluded. Selected article filters
were performed from 1 January 2015 to 27
November 2021. The text of the article is
available in English.

interventional

Results

First, 163 articles were identified in the initial
search. After removing duplicates, entry
criteria for the titles were applied to the
remaining 163 articles, and a summary of the
remaining articles was reviewed. In the
following, the full text of 46 articles were
reviewed (Table 1). Finally, ninteen study
Studies after removing duplicate articles were
selected [9-27].

TABLE 1 the demographic variables and iron deficiency biomarkers of confirmed cases

_ Public Mean
First . mean q .
author ation country Age dialysis

date duration
Ahmed United ij's
2020 Arab 59.38+1355 7
etal Emirates +0
(35.7%)
210+7.1
Al:iet 2018 Iraq 49.8 (+12.3) 3
minutes
36.6 +
Bathla 7516 India 543+151 193
etal
months
Control=58.1
_ +14.0
Clg:‘:lta 2015 Brazil HD
patients=56.7
+12.7

Hemogl e
obin TSAT Ferritin sex
level
level
Males/female
s 63
10.18+1.8 31.27+15.19 904.5+721.3 (56.25%),/49
(43.75%)
Male/female
8.9+2.2 26.2+13.6 38/32
(54.3/45.7)
8.6x1.7
Control=237. C((ir;'gc_)l;SZg)S Male
3+514 Control=65.0
HD
HD atient=124 HD
patients=17 P 3 (89_2 ’ patients=37.5
0.3 +£40.5

1598) <
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Dalimu
nthe et
al

Deira
etal

Deng et
al

Heidari
etal

Karabo
yas
etal

Kim et
al

Kurza
wa et al

Liu et
al
Magalh
aes
Marzoc
co etal

Kristin
a
Petruli
ené et
al

Plastin
a
etal

2016

2016

2017

2014

2018

2021

2016

2016

2017

2018

2017

2019

Indonesia

Spain

China

Iran

USA

Korea

Poland

Taiwan

Germany

Lithuania

Brazil

with iron
deficiency (n
=16)=49.25
+
11.58/withou
tiron
deficiency (n
=38)=45.18
+
12.97 /withou
tanemia (n =
18)=43.11+
17.67

63.90+£6.47

hs-CRP C5
mg/l (n=
42)=49.8 +
15.8
hs-CRP \5
mg/dl (n=
31)=50.7 =
17.2

62.4+£15.1

65.84 +£11.91

69.09 + 14.81

0.033

69.9 +11.2

63.19 + 15.60

Functional
iron
deficien cy (n
=65)=55.0
(51.0-59.1)

35.34+1
2.98(m
onth)

24 (3-
280)

70.98
(24-
130)

8.59 +
6.26

45+19

682.2 +
79.66

Functio
nal iron
deficien
cy(n=
65)=

Eurasian
Chemical

Communications

with iron
deficiency
(n=16)=
8.60 =
1.07/
without
iron
deficiency
(n=138)=
8.00 =
1.35/
without
anemia (n
=18)=
11.36 +
1.16

10.2 1.7

107£9.55

hs-CRP C5
mg/l (n =
42)=10.3
+1.39
(10.5)
hs-CRP \5
mg/dl (n
12515
(12.7)

11.2+1.2

10.80
0.51

Hemodial
yzed=9.74
+1.64
Control=1
5.58+0.83

11.1+1.1

8.8 (7.7:
10.1)
6
weeks12.
2+1.5

98.8+9.8

Functional
iron
deficiency
(n=65)=
11.09

with iron
deficiency (n
=16)=15.48
+
4.09/withou
tiron
deficiency (n
=38)=51.90
+
22.20/witho
ut anemia (n
=18)=57.46
+29.25

24.2+8.6

15.35%£3.35

31.3+12.7

28.81 + 6.44

Hemodialyze
d=26.16 *
19.66
Control=33.3
8+ 10.22

0.3+0.2

6 weeks39 +
18

Functional
iron
deficiency (n
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with iron
deficiency (n
=16)= Men
484.375 + with iron
717.82/with  deficiency (n
out iron =16)=15
deficiency (n  without iron
=38)= deficiency (n
1362.53 =38)=16
702.77 /with without
out anemia anemia (n =
(n=18)= 18)=12
1397.92
623.51
433 +385
Female 20
(62.5%)
hs-CRP C5
mg/l (n=
42)=549 +
429 (431) Male/female
hs-CRP \5 50+16.9
mg/dl (n=
31)=507 +
438 (384)
Male
774 £ 467 56
228.18 Male 39
(49.14- (51.3)/Femal
1233.45) e 37 (48.7)
Hemodialyze
d=179.47 +
227.46
Control=100.
79 +114.30
4329 * Male 24
279.3 (44%)
3321(;)93’ Male 0.154
6 weeks (male/female
63 +80 )11/9
Males
283.1139.8 512
Functional Functional
iron iron
deficiency (n  deficiency (n
=65)= =65)=
1010.0 males/female
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Iron overload 48.0
(n=111)= (12.0 -
54.5 (21.6 - 75.0)
574) Iron
overloa
d
(n=
111)=
48.0
(24.0 -
81.0)
Samai 5015 China  66+13,86/39  10+10
etal
MIS
Score <
8
(Quartil
MIS Score<8 eland
(Quartile 1 2;n=
and 2; n= 68)=36
68)=63 (IQR:43
(IQR:17) ) (Mean
Targut (Mean R:67.26
etal 2021 Turkey R:67.71) )
MIS Score = 8 MIS
(Quartile 3;n  Score =
=90)=69.50 8
(IQR:16) (Quartil
(Mean e3;n=
R:88.41) 90)=63
(IQR:89
) (Mean
R:88.74
)
16.00
Zh‘;‘ e 2021  China 5529 1582  (6.00,
64.00)

One investigation outlined dialysis as
>30% decrease in GFR. However, if specified
in other studies, dialysis was defined by serum
creatinine cut-off. In cichota et al
investigation, = which  defined dialysis
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(10.64- 0.170 (568.3- s 46
11.54 (0.150- 1360.0) (70.7%)/19
Iron 0.185) Iron (29.3%)
overload Iron overload Iron overload
(n=111)= overload (n=111)= (n=111)=
11.83 (n=111)= 1030.0 males/female
(11.52- 0.310 (739.4- s79
12.14) (0.240- 1455.0) (71.2%) /32
0.481) (28.8%)
Male/ frmale
10.4+1.3 28+14 76+127 66413, 86/39
MIS Score
<8
(Quartile Female
land 2;n MIS Score < 8
= 68)= (Quartile 1
11.54 + and 2; n =
1.32 68)=23
MIS Score (14.6%)
28 MIS Score = 8
(Quartile (Quartile 3; n
3;n= =90)=37
90)= (23.4%)
11.23 +
1.22
Baseline=36.
93 +9.61 Male/Female
Post- 18
therapy=31. (58.06%)/13
76 (24.06, (41.94%)
39.73)

according to decline in GFR, the mean GFR in
dialysis patients was 6.7+3.2 ml/min while the
control group was 83.8+17.4. Figure 1
summarizes the mean age of dialysis patients.
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Study | ES [95%
_____________________ +
Ahmed | 59.380 53
Ali | 49.800 38
Bethla | 54.400 46
Belo | 71.000 62
Cichota | 56.700 39
Dalimunteh | 45.840 35
Deng | 63.900 41
Magalheas | 50.000 45
Marzocco | 69.900 39
Petruliene | 63.190 53
Sanai | 66.000 54
Turgut | 66.250 55
Zhou | 55.290 36
_____________________ +
D+L pooled ES | 58.452 53
_____________________ +

Heterogeneity chi-squared = 32.84

I-squared

Test of ES=0 z= 24.21 p 0.00

FIGURE 1 The mean age of dialysis patients

It should be considered that the majority of
included investigations did not report the
.evidence in iron deficiency and non-iron
deficiency dialysis patients. Figure 2 reveals
the mean Hemoglobin among 10859 dialysis
patients. Figure 3 demonstrated the mean
transferrin saturation in 1260 dialysis
patients. Figure 4 reports the mean serum
ferritin in 1538 dialysis patients. These

Study
ID

Ahmed

Ali

Bethla
Belo
Heidari
Karboyas
Kim

Liu
Dalimunteh
Deira
Deng
Magalheas
Marzocco
Petruliene
Plastina
Sanai
Turgut
Overall (I-squared = 68.1%, p = 0.000)

sis

NOTE: Weights are from random effects anal
T

(variation in ES attributable to heterogeneity)
Estimate of between-study variance Tau-squared

0
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Conf. Interval] $ Weight
639 65.121 11.81
134 6l1.46606 7.65
540 62.260 10.25
128 79.872 9.52
129 74.271 4.81
252 56.428 8.33
760 86.040 3.46
241 54.759 12.49
266 100.534 2.04
774 72.0606 9.13
430 77.570 7.71
920 76.580 8.50
133 74.447 4.28
721 63.183 100.00
(d.f. = 12) p = 0.001
= 63.5%
= 40.7460
statistics demonstrate that the mean

hemoglobin in dialysis patients is below the
normal range (10.37 g/dl). Transferrin
saturation is in the normal range (25.34%).
Serum ferritin is above the normal (413.63
ng/mL) in dialysis patients, and these
statistics should be considered for
deficiency management in dialysis patients.

iron

%

ES (95% Cl) Weight
—o:— 10.18 (8.29, 12.07) 6.01
— 8.90 (6.82, 10.98) 5.42
—0-5- 9.50 (8.13, 10.87) 7.81
T 11.40 (9.98, 12.82) 7.61
—f—o— 11.40 (8.80, 14.00) 4.17

. 11.20 (10.96, 11.44) 11.63

—:o— 10.80 (8.37, 13.23) 4.54
—_— 10.90 (8.23, 13.57) 4.02
—o—f— 9.32 (7.17, 11.47) 5.23
—_— 10.50 (7.07, 13.93) 2.82
2.50

10.70 (6.99, 14.41)
= 8.60 (7.78, 9.42)
11.60 (6.52, 16.68)
9.88 (8.41, 11.35)

9.99
1.47
7.43

= 11.46 (9.80, 13.12) 6.77

— 10.40 (8.58, 12.22) 6.21

—_— 11.38 (9.61, 13.15) 6.37
10.37 (9.71, 11.03) 100.00

-16.7 o

FIGURE 2 The mean Hb IN DIALYSIS PATIENTS (g/dl)



Page |468 @ Eurasian N. Shahkarami et al.
) SAMI

Chemical
Communications
Study %
D ES (95% CI) Weight
i
Ahmed :—*— 31.27 (25.48, 37.06) 10.71
'
Ali — 26.20 (20.06, 32.34) 10.16
i
Belo — 25.50 (22.31, 28.69) 15.44
|
I
Kim —I*— 26.16 (20.28, 32.04) 10.57
I
Liu ——%——— 30.00 (22.65, 37.35) 8.45
:
Deng — 15.35 (10.03, 20.67) 11.50
:
Marzocco —_— 22.00 (12.36, 31.64) 6.03
'
|
Plastina —*':— 24.00 (20.53, 27.47) 14.91
I
'
Sanai —_——— 28.00 (23.09, 32.91) 12.22
|
Overall (I-squared = 62.6%, p = 0.006) @ 25.34 (22.48, 28.20) 100.00
|
i
NOTE: Weights are from random effects analysis |
T * T
=371 0 Bi7eS)
FIGURE 3 The mean transferrin saturation(%)
Study %
[} ES (95% CI) Weight
|
Al —— 389.00 (297.87, 480.13) 924
|
I
Belo - ! 303.50 (265.57, 341.43) 9.76
I
Heidari —— 528.00 (407.70, 648.30) 882
Kim > 228.18 (176.88, 279.48) 967
|
'
Liu —— 415.40 (313.63, 517.17) 9.0
'
Dalimunteh | — & 1081.60 (831.77, 1331.43) 6.50
Magalheas - 309.00 (279.59, 338.41) 981
|
I
Marzocco —— 22600 (126.95, 325.05) 913
Petruliene - 283.10 (240.91, 325.29) 974
'
Plastina 1 —— 1020.00 (872.62, 1167.38) 837
'
I
Sanai . ! 76.00 (62.68, 89.32) 987
Overall (I-squared = 98.4%, p = 0.000) @ 413.63 (304.77, 522.50) 100.00
i
NOTE: Weights are from random effects analysis |
T * T
-1331 0 1331

FIGURE 4 The mean serum ferritin in dialysis patients
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Identification of studies via databases and registers
Records identified from*:163 Removal of records without
Pubmed=15 abstract =5
Scopus=80 —> Non-English=0
Web of science=68 Duplicates=14
i Removal of articles that did not
Records screened fulfill inclusion and exclusion
(n=144) ——> criteria from titles and abstract
=93
i Removal of non-original articles=5
F Removal of articles did not fulfill
. _ —> inclusion and exclusion criteria
ull text article screened =46 :
after full text reading=27

!

Studies included in qualitative
synthesis =19

FIGURE 5 Schematic of research

Discussion

ID is one of the significant risk factors for
death and disability
Approximately 2 billion people are affected by
this issue [28-30]. The majority of articles
recommend measuring the concentration of
hemoglobin and ferritin to diagnose ID [31-

worldwide.

33]. Serum ferritin concentrations have been
shown to irreversible diabetes,
chronic alcoholism, macrophage activation
muscle cytolysis,
some metabolic

increase
syndrome, liver or
hyperthyroidism, and
syndromes [34-36]. According to the above,
one of the reasons for the low ferritin level in
serum concentration can be ID. The approved
level for serum ferritin depends on gender and
age [37]. One review in 1988 recommended
cut-offs proposed by WHO International
Standards: ferritin can rule out ID anemia in

inflammatory and non-inflammatory patients
at cut-offs of 70 and 40 mg/L, respectively
[38]. In this systematic review, ranges of
ferritin defining ID varied across studies from
12 to 800 mg/L for absolute and functional ID.
In fact, in studies, the concentration of ferritin
100 mg/L should be further investigated to
better define ID. In fact, at the cellular level,
the cell is unable to make ferritin without iron.
It has been reported that TSAT can be
considered a complementary diagnostic
method for iron deficiency [39]. TSAT
reduction is one of the biomarkers of ID in the
early stages, in both absolute and functional
ID. Its primary advantage is that the normal
range in this biomarker is narrower (between
20% and 40% in adults).
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Conclusion

According to our results, the TSAT level for ID
diagnosis ranged from 15% to 25%. TSAT
alone is not able to differentiate between
absolute ID from functional ID. sTfR is a part of
the membrane receptor independent of
inflammation and can be considered a useful
marker in patients with ID. Increased sTfR
concentration is directly related to functional
ID. Only one article mentioned sTfR tests. As a
result, we did not use this biomarker in our
meta-analyze. This systematic and meta-
analyze review conducted serum ferritin
concentration, hemoglobin, and TSAT to
calculate the mean value through the 11021
confirmed dialysis patients. In this review, we
worked on the meta-analysis of the mean
value of iron deficiency biomarkers in anemic
and non-anemic dialysis patients. We found
that the hemoglobin and serum ferritin should
be noticed by clinicians, especially in dialysis
patients, and these two biomarkers can be a
land mark for iron deficiency diagnosis in
dialysis patients. In contrast, the mean level of
transferrin saturation in dialysis patients is
normal.
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