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Abstract: Introduction: In the recent years alternate day dosing has been recommended in iron
deficieny treatment. The aim of this study is to compare the efficacy and side effects of oral iron
treatments given daily 1x1, alternate day 1x1 and 2x1 alternate day dosing in iron deficieny anemia
patients. Methods: A total of 52 patients with a diagnosis of iron deficiency anemia with serum
ferritin level of 25 pg/L or less were included in this retrospective study. Statistical analyzes were
done with SPSS V.25. Results: The patients included in our study were between the ages of 18-51.
All of the patients included in the study were female. A statistically significant increase was found
between 0-14 days(p<0.001), 14-28 days(p<0.001) and 0-28 days(p<0.001) hemoglobin values in all
patients. There was no statistically significant difference between 0-14 days (p=0.397) and 0-28
days(p=0.310) ferritin values in all patients. A statistically significant difference was found between
14-28 days(p<0.001) ferritin values. When the rate of change of hemoglobin and ferritin values
between the groups was compared and no statistically significant difference was observed between
the groups. The rate of change of ferritin values for 14-28 days was significant (p=0.012). There was
no significant difference in the frequency of symptoms in the 14th day and 28th day controls for
each group (p>0.05). The incidence of metallic taste and bloating symptoms was found to be
statistically significant in the third control in the group with 2x1 drug use alternate day (p=0.094).
Discussion: The only difference in efficacy was observed in ferritin values between 14th and 28th
days. The increase in ferritin values was higher in the group that used 1x1 oral iron every day.
However, since no difference was observed between the groups in terms of ferritin and hemoglobin
values on days 0 and 28, all three groups were considered equally efficient. Side effects were mainly
gastrointestinal side effects. Since the group that received 2x1 oral treatment alternate day had a
statistically significantly higher rate of side effects, the patients’ treatment tolerance will be lower
compared to the other groups. In conlusion, there is no difference in efficacy and side effects
between the patient groups receiving 1x1 daily and 1x1 alternate day oral iron therapy, so 1x1 use
alternate day is the most appropriate treatment method for oral iron therapy in terms of patient
tolerance, adherence to treatment and pharmacoeconomics.

Keywords: iron deficiency anemia; oral iron; side effects

1. INTRODUCTION

Anemia affects 33% of the world population. The most important cause of anemia is iron
deficiency (1). All iron deficiencies with or without anemia, whether symptomatic or not, should be
treated (2). Oral ferrous sulfate (FeSO4) is recommended for first step treatment. In treatment, 60-120
mg of elemental iron per a day is generally used (3). Iron deficiency and iron deficiency anemia are a
global health problem that we encounter frequently in daily practice. Although the prevalence of iron
deficiency anemia is decreasing, it is already one of the leading causes of anemia globally (4). Iron
absorption is 5-28% in fasting and 2-13% on a full stomach. Therefore, high doses of iron are generally
used in oral iron replacement therapy. However, excess iron that cannot be absorbed causes serious
side effects by triggering inflammation in the gastrointestinal tract. The most important side effects
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of excess iron; constipation, burning and tenderness in the stomach, nausea, vomiting, metallic taste
in the mouth. These side effects usually cause treatment non-compliance and discontinuation of the
treatment (5).

Stoffel et al., in a study of young women with mild iron deficiency, compared daily oral iron
therapy with every other day oral iron therapy in one study, and in the other compared oral iron
taken once daily with dosing twice or more per day (6). When the oral iron dose divided into the day
was compared with the oral iron taken once a day, no difference was observed in terms of total iron
absorption. However, it has been shown that oral iron taken in divided doses during the day causes
a greater increase in hepcidin levels (7). Hepcidin plays an important role in the regulation of iron
absorption, and oral iron intake causes an increase in hepcidin levels. An increase in hepcidin level
decreases iron bioavailability (8). As the oral iron dose increases, hepcidin level increases more and
iron absorption continues to decrease further. Oral iron taken in two or more divided doses per day
is thought to negatively affect iron absorption by increasing hepcidin levels. The study by Stoffel et
al. also showed that total iron absorption was higher in oral iron treatment taken every other day
than in daily treatment. However, it was stated that the incidence of gastrointestinal side effects was
observed less in the use of iron every other day (6).

In recent studies, it has been predicted that new treatment regimens can replace classical oral
iron therapy, with the results that the side effect profile is safer in oral iron treatment with alternate
days without a significant difference between ferritin level and hemoglobin level between iron
treatment used daily and iron treatment used daily (6). However, since the studies are still new, the
number of patients is insufficient and the patient follow-up period is short, there is a need for a more
comprehensive study on this subject (9). Since it has the same treatment efficacy, has few side effects
and is advantageous in terms of pharmacoeconomics, it seems appropriate to increase the number of
studies on iron treatment every other day and to use it in daily practice. The recommended daily
treatment dose of iron in adults, ranges between 150-200 mg of elemental iron. For a long time, this
amount of iron was met by giving one or more iron pills daily in patients who preferred oral iron
therapy. However, recent studies suggest that alternate-day oral iron therapy is more successful than
daily oral iron therapy. The goal of the study is to determine the most appropriate oral iron treatment
dose for the Turkish population, considering the efficacy and side effects. We retrospectively
analyzed the files of patients diagnosed with iron deficiency anemia who were given oral iron
therapy at various doses. The aim of this study is to compare the efficacy and side effects of oral iron
treatments given daily 1x1, alternate day 1x1 and 2x1 alternate day dosing in iron deficieny anemia
patients.

2. MATERIALS AND METHODS

In this study daily and every other day iron therapy was compared. Patients were divided into
three groups which are; oral iron treatments given daily 1x1, alternate day 1x1 and 2x1 alternate day
dosing. The primary outcome of the study was to determine the efficacy of oral iron treatment dosing
and efficacy. This efficacy was determined by monitoring hemoglobin, transferrin saturation and
ferritin levels. The secondary outcome of the study was the side effects of oral iron treatment dosing.
These side effects are metallic taste, nausea, bloating, constipation, diarrhea and/or vomiting, and
other side effects. This research was designed as a retrospective study.The ethics committee approval
date of our research is 06.07.2020 and decision no: 91/02. Age, gender, weight, additional disease
histories, disease diagnosis dates, laboratory result values at the time of diagnosis, laboratory result
values on the 14th and 28th days, and side effect profiles of the patients included in the study were
noted.

Inclusion criteria for the study include being between the ages of 18-65, serum ferritin level 25
ug/L or less, hemoglobin level above 7 g/dl, CRP level below 5 mg/L, Body mass index being 18.5-
26.5 kg/m2, not using chronic drugs (except for contraceptives), not having major chronic diseases,
not being pregnant or breastfeeding, not donating blood for the past 4 months, not smoking, not
using vitamin and mineral supplements. Exclusion criteria from the study included gastric surgery
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history, malabsorbion syndrome (celiac disease, Whipple disease, bacterial overgrowth, atrophic
gastritis), active bleeding, or gastrointestinal bleeding.

Patients between the ages of 18-65 and diagnosed with iron deficiency anemia with a serum
ferritin level of 25 ug/L or less, who applied to the University of Health Sciences Diskap1 Yildirim
Beyazit Training and Research Hospital Internal Medicine Outpatient Clinic, were included in this
study and their information was recorded. The cases given oral iron therapy at different doses were
analyzed retrospectively. Three different groups of patients who were given different doses of oral
iron therapy were determined. These groups are; 1x1 (100 mg elemental iron-ferrous fumarate) oral
iron treatment daily, 1x1 (100 mg elemental iron-ferrous fumarate) oral iron treatment every other
day, and 2x1 (200 mg elemental iron-ferrous fumarate) oral iron treatment every other day were
determined. Blood parameters at the time of diagnosis, day 14 and day 28 were compared
retrospectively. Patients were questioned in terms of side effect profile at each control examination
and side effects were recorded.

Statistical Analysis

All statistical analyses were performed with IBM©,SPSS© Statistics Version for Windows
(Armonk, NY: IBM Corporation, 2017). Categorical data of the patients were analysed by Fisher’s
Exact test or Chi-square test. Distribution analyses of the continuous data of the patients were
performed with the Kolmogorov-Smirnov test. Parametric dependent continuous variables were
analysed by paired T-test, non-parametric dependent continuous variables were analysed by
Wilcoxon test. Parametric independent continuous variables were analysed by T-test or ANOVA test,
and non-parametric independent continuous variables were analysed by Mann-Whitney U or
Kruskal-Wallis method. P<0.05 was accepted as the limit of statistical significance.

3. RESULTS

A total of 52 patients were included in the study. Nineteen patients in the group with 1x1 drug
use every day, 18 patients in the group with 1x1 drug use every other day and 15 patients in the
group with 2x1 drug use every other day were included in the study. All 52 (100%) of the patients
included in the study were women. The mean age of the patients included in the study was 40 years.
When all patients were divided into groups, the mean age was 19 years in the group using 1x1 drug
every day, 42.5 years in the group using 1x1 drug every other day and 35 years in the group using
2x1 drug every other day. Blood parameters of all patients were evaluated on days 0, 14 and 28
without separating them into groups.

A statistically significant increase was found between hemoglobin values on days 0-14 (p<0.001),
14-28 (p<0.001) and 0-28 (p<0.001) in all patients. In all patients, a statistically significant increase was
found between 0-14 day (p=0.04) and 0-28 day (p<0.001) in serum iron values. There was no
statistically significant difference in serum iron levels between 14th and 28th day (p=0.936). A
statistically significant decrease in unsaturated iron binding capacity was found between days 0-14
(p<0.001) and 0-28 (p<0.001) in all patients. No statistically significant difference was found between
the unsaturated iron binding capacity values on day 14-28 (p=0.612). There was no statistically
significant difference between ferritin values on day 0-14 (p=0.397) and day 0-28 (p=0.310) in all
patients. A statistically significant increase was found between 14-28 days (p<0.001) ferritin values
(Table 1). Age, complete blood count, renal function tests, liver function tests, acute phase reactants
and haemolysis parameters of all groups were evaluated on day 0, day 14 and day 28 (Table 2). Then,
for specific parameters (hemoglobin, iron, unsaturated iron binding capacity, ferritin), both within-
group changes and between-group changes were evaluated.
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Table 1. Blood parameters of all patients at first, second and third control visits.

1. CONTROL 2. CONTROL 3. CONTROL
MEDIAN MEDIAN MEDIAN
VALUES VALUES VALUES
PARAMETERS (MINIMUM (MINIMUM  (MINIMUM
AND AND AND
MAXIMUM) MAXIMUM) MAXIMUM)
N 40 40 40
8¢ (18-51) (18-51) (18-51)
. 6,2 6 6.15
White Blood Cell (x103/ul) (3,9-10.4) (4,3-10,5) (3,60-9,70)
44 4.6 4,4
Red Blood Cell (x10¢/pul) (4.2-5.3) (4-5,6) (4-5,4)
_ 11,3 11,7 12,2
Haemoglobin (g/dl) (7-13) (7-13,6) (8,2-15)
. 36 36 36
Haematocrit (%) (28-95) (33-41) (31-41)
79,1 78 80.4
fl .
MCV (fl) (60-88) (65-89) (62-88)
24,5 24 25
MCH (pg) (17-28) (18-29) (19-30)
30,5 31 31,5
MCVbk (g/dl) (28-33) (17-33) (28-37)
15 17,05 17,35
RDW (% ' '
W (%) (12,1-20) (13-23) (13-26)
262,5 265,5 262
3
Platelet (x103/ul) (198-470) (186-336) (218-344)
Vitamin B12(pg/ml) @ é?: 62) N/A N/A
74
Folate (ng/ml) @ 53'0_1 2) N/A N/A
. 1,36
Haptoglobulin (mg/dl) (0,60-3,47) N/A N/A
16 16 15,5
AST ,
ST (U/L) (9-24) (10-35) (10-68)
11,5 13 13,4
ALT (U/L ’ .
(U/L) (6-25) (8-48) (7-89)
o 0,24 0,225 0.21
Indirect billirubin (mg/dl) (0,14-2) (0,11-0,86) (0,08-0,25)
88 85,5 95
Glucose (mg/dl) (79-103) (79-105) (75-100)
22 24.5 22
Urea (mg/dl) (12-28) (10-30) (10-29)
o 0,6 0,5 0,6
Creatinine (mg/dl) (0,4-0,7) (0,4-0,7) (0,4-1,15)
_ 139 139 140
Sodium (mEgq/L) (134-141) (136-142) (133-145)
_ 4,25 43 45
Potassium (mEq/L) (3,8-4,6) (3,8-4,7) (3,5-5)
1,05 0,75 1,15
RP (mg/L / ' '
CRP (mg/L) (0,1-3,5) (0,2-6) 0,1-7)
LDH (U/L) 181,5 178 175
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Reticulocyte (%)

Iron (ug/dl)

Serum iron binding capacity (ug/dl)

Ferritin (pg/dl)

(111-223)
1,5
(0,66-1,6)
37
(13-751)
363
(101-519)
6
(1,39-53)

(147-259)
1,9
(1-2,59)
61
(19-4034)
330,5
(6-500)
25,25
(3,67-131)

(116-213)
1,65
(1-3,4)
57
(12-3280)
331
(41-506)
23,35
(5.25-110)

Table 2. First, second and third control parameters of all patients divided into groups.

1. CONTROL 2. CONTROL 3. CONTROL
MEDIAN VALUES MEDIAN VALUES MEDIAN VALUES
PARAMETERS (MINIMUM (MINIMUM (MINIMUM
AND MAXIMUM) AND MAXIMUM) AND MAXIMUM)
Age

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

White Blood Cell (x103/ul)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Red Blood Cell (x106/ul)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Hemoglobin (g/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Hematocrit (%)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

MCV (1)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

MCH (pg)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

MCHC (g/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

19 (20-51)
42,5 (18-49)
35 (19-50)

8,4 (5,1-11,7)
6,25 (3,5-10,2)
6,3 (4,6-10,4)

4,5 (4-5,89)
4,45 (3,5-5,2)
4.4 (4,3-6)

11,6 (7,6-13)
11,25 (7-12,9)
11 (7,4-12,6)

37 (28-40)
36 (25-95)
36 (28-39)

78 (59-89)
78 (58-85)
72 (60-88)

24 (16-28)
25,4 (21,9-28)
24 (17-28)

31 (27-36)
24 (15,1-28)
30 (28-33)

19 (20-51)
42,5 (18-49)
35 (19-50)

7,6(4,1-11,8)
5,45(4,3-10,8)
6,5 (5,1-10,5)

47 (3,8-5,7)
46 (3,8-5,2)
4,5 (4-5,6)

11,7 (7,9-13,3)
11,8 (7-13,1)
11,7 (8,4-13,60)

39(30-42,1)
37 (26-41)
35 (33-41)

81,9 (19,3-89,1)
78 (58-89)
74 (65-87)

25 (15-29)
24,4 (15,4-29)
23 (18-29)

31,1 (25-33)
31 (26,1-33)
31 (17-33)

19 (20-51)
42,5 (18-49)
35 (19-50)

7,17 (4,4-11,8)
5,25 (3,6-10,6)

6,3 (5-9,7)

4,6 (4,2-5,32)
4,8 (4-5,4)
4,6 (4-5,4)

12,8(8,4-15)
12 (8,2-13,4)

12,1 (9,3-14,3)

40 (32-46)
36,5(30-43)
35 (31-41)

83,8 (62-93)
79,5(39-87)
75 (62-88)

26(16-34,2)
25 (24,5-29)
23.6 (19-30)

31,9(26-33,6)
32 (30-33)
31,3 (28-37)
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RDW (%)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Platelet (x10%/pl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Vitamin B12 (pg/ml)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Folate (ng/ml)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Haptoglobulin (mg/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

AST (U/L)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

ALT (U/L)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Indirect bilirubin (mg/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Glucose (mg/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Urea (mg/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Creatinine (mg/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Sodium (mEq/L)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Potasium (mEq/L)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

15(12,8-20,7)
15,5 (12,1-27,9)
16 (13-20)

327 (199-486)
267 (198-413)
220 (207-470)

305 (209-443)
264 (195-512)
317 (212-443)

6,18 (3,67-14,20)
7 (2,39-20)
5 (2,3-8,01)

1,65 (0,76-3,47)
1,27 (0,6-1,78)
0,96 (0,6-2)

16 (10-24)
13 (10-21)
15 (9-20)

11,5 (6,9-25)
10 (6-23)
13 (9-17)

0,28 (0,06-0,83)
0,20 (0,5-1,04)
0,35 (0,14-2,0)

88 (81-100)
90,5(75-113)
87 (79-95)

24 (9-30)
21,5 (12-31)
22 (20-27)

0,6 (0,4-0,95)
0,6 (0,5-1,05)
0,6 (0,5-0,7)

139(135-140)
139 (134-142)
138 (136-141)

4,4(3,68-4,87)
4,3 (3-4,8)
4,3 (3,9-4,6)

18 (10,5-26,5)
16,5 (13,1-29)
20 (13-23)

297 (191-451)
261,5 (178-477)
230 (186-336)

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

165(9-21)
14 (9-35)
14 (10-21)

13 (6-24)
11 (7,3-48)
13 (10-19)

0,2 (0,04-0,76)
0,18 (0,08-0,84)
0,15 (0,11-0,86)

88 (79-115)
89 (79-111)
84 (84-103)

20(11-34)
23 (14-38)
25 (10-30)

0,6 (0,4-0,94)
0,5 (0,4-0,7)
0,5 (0,5-0,7)

139 (134-142)
139 (136-142)
140 (139-142)

4,5 (3,64-5)
4,25 (3,8-4,8)
43 (4,1-4,7)

16,9 (12-24)
16 (13,1-21)
20 (13-26)

311 (184-620)
252 (248-265)
270 (218-334)

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

15 (5-20)
17 (11-68)
14 (10-25)

13 (5-27)
13 (10-89)
16 (7-29)

0,16 (0,05-0,6)
0,17 (0,14-0,5)
0,18 (0,03-0,28)

86 (67-97)
92,5 (79-115)
88 (77-100)

21 (10-35)
25 (22-29)
21 (15-24)

0,66 (0,4-0,88)
0,6 (0,4-0,7)
0,5 (0,4-0,6)

139 (133-145)
138 (136-142)
140 (136-142)

45 (3,7-5,2)
4,1 (4-4,7)
4,5 (3,5-4,6)
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CRP (mg/L)
Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day
LDH (U/L)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day
Reticulocyte (%)
Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day
Iron (pg/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

1,3(0,4-6,7)
1,5(0,3-4,1)
1,6 (0,10-3,5)

164 (114-223)
175 (111-273)
185 (115-210)

1,44 (0,61-2,16)
1,29 (0,6-4,1)
1,5 (0,7-1,6)

52,1(13-751)
38 (13-314)
31,6 (14-328)

0,3 (1,79-5,9)
1,5 (0,2-4,3)
2,5 (0,2-6)

170 (130-242)
166 (121-259)
180 (155-232)

1,82 (0,93-3,75)
1,55(0,6-2,4)
1,8 (1,2-2,4)

131(30,3-4034)
54,5 (21-878)
39 (19-131)

Serum iron binding capacity (pg/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

Ferritin (ng/dl)

Medication use 1x1 every day
Medication use 1x1 every other day
Medication use 2x1 every other day

357 (212-465)
385 (280-494)
366 (101-519)

6,8 (1,38-31)
5 (1,7-53)
6(1,4-46)

298 (6-401.8)
338 (21-455)
351 (140-500)

25,5 (3,67-45)
24 (6,7-54)
26 (7-131)

1,11 (0,5-5,9)
1,4 (0,4-1,9)
1,7 (0,1-7)

173 (143-224)
170 (116-193)
175 (130-205)

1,61 (0,86-3,3)
1,6 (1,1-3,4)
1,9 (1-2,1)

130 (18-3280)
62 (12-898)
41,6 (16-471)

308 (50-506)
350 (44-489)
320 (41-407)

25,3 (6,15-61)
20,5 (5,25-50)
32 (13-110)

Blood parameters of all patients were analysed in groups. A significant increase was found
between hemoglobin values on days 0-14 (p<0.001), 14-28 (p<0.001) and days 0-28 (p<0.001) in
patients in group 1. An important increase was found between hemoglobin values on day 0-14
(p<0.001), day 14-28 (p<0.001) and day 0-28 (p<0.001) in patients in group 2. A substantial increase
was found between hemoglobin values on days 0-14 (p<0.001), 14-28 (p<0.001) and 0-28 (p=0.001) in
patients in group 3. When the serum iron values of all patients divided into groups were analysed, it
was found that the serum iron value was 52.15 (13-751) pg/dl on day 0, 131 (30.3-4034) pg/dl on day
14 and 130 (18-3280) pg/dl on day 28 in the group using 1x1 drug every day (Group 1). In group 1
patients, an increase was found between 0-14th day (p=0,094) and 0-28th day (p=0,02) serum iron
values. No significant difference was found between the 14-28th day (p=0,601) values. In group 2
patients, an important increase was found between serum iron values on days 0-14 (p=0.003) and 0-
28 (p=0.004). No significant difference was found between the 14-28th day (p=0,586) values. No
significant difference was found between the serum iron values on days 0-14 (p=0.776), 14-28
(p=0.955) and 0-28 (p=0.363) (Table 3).
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Table 3. Significance values of the differences of the parameters at 0., 14., 28. days in the intragroup
temporal plane, without considering the difference in the rate of change of the parameters between
the groups.
1. CONTROL 2. CONTROL 3. CONTROL CHANGE CHANGE CHANGE
MEDIAN MEDIAN MEDIAN
BETWEEN 1st BETWEEN 2nd BETWEEN
VALUES VALUES VALUES
PARAMETERS (MINIMUM (MINIMUM (MINIMUM and 2nd and 3rd 1st and 3rd
CONTROL CONTROL CONTROL
AND AND AND P-VALUE P-VALUE P-VALUE
MAXIMUM) MAXIMUM) MAXIMUM)
Serum Iron (ug/dl)
Medication use 1x1 52,1 131 130
every day (13-751) (30,3-4034) (18-3280) 0,094 0,601 0,002
Medication use 1x1 38 54,5 62
every other day (13-314) (21-878) (12-898) 0,003 0,586 0,004
Medication use 2x1 31,6 39 41,6
every other day (14-328) (19-131) (16-471) 0,776 0,955 0,363
Iron binding capacity (ug/dl)
Medication use 1x1 357 298 308
every day (212-465) (6-401,8) (50-506) 0,001 0,647 0,015
Medication use 1x1 385 338 350
every other day (280-494) (21-455) (44-489) 0,001 0,981 0,001
Medication use 2x1 366 351 320
every other day (101-519) (140-500) (41-407) 0,460 0125 0125
Ferritin (ug/dl)
Medicationuse Ix1 07 3931y 25503,6745)  25,3(6,15-61) 0,056 0,001 0,05
every day
Medicationuse Ix1 5 ) 7 og) 6,7(24-54) 20(5,25-50) 0,307 0,002 0,263
every other day
Medicationuse2x1 (1 ) 46 o) 26(7-131) 32(13-110) 0,358 0,001 0,122
every other day

When the unsaturated iron binding capacity values were analysed, in group 1 patients, a
significant decrease was found in unsaturated iron capacity values on day 0-14 (p=0.001) and day 0-
28 (p=0.015). No significant difference was found between the 14-28th day (p=0,647) values. A
substantial decrease was found between the unsaturated iron capacity values on days 0-14 (p=0.001)
and 0-28 (p=0.001) in group 2 patients. No significant difference was found between day 14-28
(p=0.981) values. No significant difference was found between the unsaturated iron capacity values
on day 0-14 (p=0.460), day 14-28 (p=0.125) and day 0-28 (p=0.125) in group 3 patients (Table 3).

In group 1 patients, a substantial increase was found between 14-28th day (p<0.001) ferritin
values. No significant difference was found between 0-14th day (p=0.05) and 0-28th day (p=0.056)
ferritin values. An increase was found between 14-28th day (p=0.02) ferritin values in group 2
patients. No significant difference was found between 0-14th day (p=0.307) and 0-28th day (p=0.263)
ferritin values. A significant increase was found between 14th-28th day (p=0.001) ferritin values in
group 3 patients. No significant difference was found between 0-14th day (p=0.358) and 0-28th day
(p=0.122) ferritin values (Table 3).

The rate of change pattern of parameters (hemoglobin, iron, unsaturated iron binding capacity,
ferritin) in all patient groups was analysed. There was a statistically significant difference between
28th day - 14th day ferritin values (p=0.012). 14th day — day zero unsaturated iron binding capacity
(p=0,085) and 14th day — day 0 transferrin saturation (p=0,085) values were statistically borderline
significant.

After the patients were divided into groups, hemoglobin value increases were calculated (Table
4). The increases were evaluated separately by comparing the groups with each other. The rate of
change in hemoglobin values between the groups was calculated as 0-14th day (p=0.386), 14-28th day
(p=0.210) and 0-28th day (p=0.984) and no statistically significant difference was observed between
the groups.
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Table 4. Investigation of the rate of change in hemoglobin values between groups on days 0-14-28.

MEAN
(MIN-MAX)
Hb Change Between 1st and 3rd Control Visit (g/dl)
(Hb Change Between Oth day-28th day Control Visits)
Medication use 1x1 every day  0,9(-0,1, 3,7) <0,001
Medication use 1x1 every other day 1(-0,3, 5,6) 0,002
Medication use 2x1 every other day 1,4(-0,5, 3,3) 0,001
Hb Change Between 1st and 2nd Control Visit (g/dl)
(Hb Change Between 0th day-14th day Control Visits)
Medication use 1x1 every day  0,6(-1,3, 1,3) <0,001
Medication use 1x1 every other day0,65(-0,3-4,2) <0,001
Medication use 2x1 every other day 0,9(-0,9, 2,6) <0,001
Hb Change Between 2nd and 3rd Control Visit (g/dl)
(Hb Change Between 14th day-28th day Control Visits)
Medication use 1x1 every day  0,6(-0,1, 2,4) <0,001
Medication use 1x1 every other day0,55(-0,6, 1,4) <0,001
Medication use 2x1 every other day 0,4(-0,1, 1,8) <0,001

PARAMETERS P-Values

After the patients were divided into groups, increases in serum iron levels were calculated (Table
5). The increases were evaluated by comparing the groups with each other. When the rate of change
of serum iron values between the groups was compared, it was calculated as 0-14th day (p=0.102),
14-28th day (p=0.585) and 0-28th day (p=0.141) and no significant difference was observed between
the groups.

Table 5. Evaluation of the rate of change in serum iron values between groups on days 0-14-28.

PARAMETERS .. MEAN . P-Values
(minimum-maximum)

Serum Iron Change Between 1st and 3rd Control Visit (ug/dl)
(Serum Iron Change between day 0 and day 28 Control Visits)

Medication use 1x1 every day 58,65(-63,3055) 0,002
Medication use 1x1 every other day 24(-5,647) 0,004
Medication use 2x1 every other day 7(-302,456) 0,363

Serum Iron Change Between 1st and 2nd Control Visit (pg/dl)
(Serum Iron Change Between Oth day-14th day Control Visits)

Medication use 1x1 every day 12,15(-355,3089) 0,094
Medication use 1x1 every other day 20(-19,564) 0,003
Medication use 2x1 every other day 4(-299,110) 0,776

Serum Iron Change Between 2nd and 3rd Control Visit (ug/dl)
(Serum Iron Change Between 14th day-28th day Control Visits)

Medication use 1x1 every day 1,5(-93,353) 0,601
Medication use 1x1 every other day -5(-420,502) 0,586
Medication use 2x1 every other day 0,7(-44,452) 0,955

After the patients were divided into groups, unsaturated iron binding capacity values were
calculated (Table 6). The increases were evaluated by comparing the groups with each other. When
the rate of change of unsaturated iron binding capacity values between the groups was compared, it
was calculated as 0-14th day (p=0.141) and 0-28th day (p=0.328) and no significant difference was
observed between the groups. However, statistically borderline significance was observed between
the groups in the rate of change of unsaturated iron binding capacity values on the 14th -28th day
(p=0.085).
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Table 6. Investigation of the rate of change of unsaturated iron binding capacity values between
groups on days 0-14-28.

MEAN
(MIN-MAX)
Change in Unsaturated Iron Binding Capacity between 1st and 3rd Control Visit (pg/dl)
(Change in Unsaturated Iron Binding Capacity between day 0 and day 28 Control Visits)

PARAMETERS P-Values

Medication use 1x1 every day -44(-415,187) 0,015
Medication use 1x1 every other day -38(-256,25) 0,001
Medication use 2x1 every other day -42(-478,251) 0,125

Change in Unsaturated Iron Binding Capacity between 1st and 2nd Control Visit (pug/dl)
(Change in Unsaturated Iron Binding Capacity between Oth day-14th day Control Visits)

Medication use 1x1 every day -35(-421,22) 0,001
Medication use 1x1 every other day -35,5(-439,23) 0,001
Medication use 2x1 every other day -10(-150,275) 0,460

Change in Unsaturated Iron Binding Capacity between 2nd and 3rd Control Visit (pg/dl)
(Unsaturated Iron Binding Capacity between 14th day-28th day Control Visits)

Medication use 1x1 every day 1,5(-93,353) 0,647
Medication use 1x1 every other day -11(-224,354) 0,981
Medication use 2x1 every other day -24(-459,36) 0,125

After the patients were divided into groups, ferritin value increases were calculated (Table 7).
When the rate of change of ferritin values between the groups was compared, it was calculated as 0-
14th day (p=0,572) and 0-28th day (p=0,258) and no significant difference was observed between the
groups. However, statistically significant difference was observed between the groups in the rate of
change of ferritin values on the 14th -28th day (p=0.012).

Table 7. Investigation of the rate of change of ferritin values between groups at 0.-14.-28. days.

MEAN
(MIN-MAX)
Ferritin Change Between 1st and 3rd Control Visit (ng/dl)
((Ferritin Change Between 0th day-28th day Control Visits)
Medication use 1x1 every day 21(-8,35) 0,05
Medication use 1x1 every other day = 12(-45,48) 0,263
Medication use 2x1 every other day28(-22,9,107,48) 0,122

Ferritin Change Between 1st and 2nd Control Visit (ng/dl)
(Ferritin Change Between Oth day-14th day Control Visits)
Medication use 1x1 every day 9(-8,3, 0,43) 0,056
Medication use 1x1 every other day  19(-37,52) 0,307
Medication use 2x1 every other day 13,6(-22,129) 0,358
Ferritin between 2nd and 3rd Control Visit (ng/dl)
(Ferritin between 14th day-28th day Control Visits)
Medication use 1x1 every day 5(-11, 22) <0,001
Medication use 1x1 every other day -5(-29,2, 23) 0,002
Medication use 2x1 every other day  3(-66, 47) 0,001

PARAMETERS P-Values

When the side effect profile of all groups was analysed, diarrhoea and vomiting symptoms were
not observed in any of the patients. Nausea, vomiting, metallic taste and bloating symptoms were
analysed separately for each group. There was no significant difference in the incidence of symptoms
in the 14th and 28th day controls for each group (p>0.05). The incidence of metallic taste and bloating
symptoms was found to be statistically borderline significant (p=0.094) in the 3rd control in the group
with 2x1 drug use every other day (Table 8).
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Table 8. Side effect profile of all patients divided into groups at seconds and third controls.

wzZzzZ zZ ZZZ
SC0ESCSE g SS8E g
EEP2EERZ D EEEZR S
2« < < a4 << =
SIgJdUyg 4« JJUyg <
Se-=Rpd >pRapA =
< & 5—; SRS 5—; A K 5—; -
SS5255% 5559
Nausea
Yes 0 1 1 1 2 4
No 19 17 14 0’54218 16 11 0,18
Metallic taste
Yes 0 0 1 1 1 4
No 19 18 14 0’28418 17 11 0,094
Bloating
Yes 1 0 1 11 4
No 18 18 14 0'56418 17 11 0,094
Constipation
Yes 1 1 O 01 2
No 18 17 15 0'65519 17 13 0,254

4. DISCUSSION

The standard treatment of iron deficiency anaemia in the guidelines is the use of 60 mg oral iron-
containing tablets 2-3 times a day (10). However, it has been proven in recent studies that the excess
iron given increases the level of hepcidin and therefore decreases iron absorption, and for this reason,
iron treatment has been recommended every other day (11). In addition, intermittent iron therapy
has been shown to be effective in preschool children and in the pregnant population (12, 13). The
mucosal block theory was first proposed in 1943 by Hahn et al. in a study on dogs (14). According to
this theory, the iron dose given after the first dose was absorbed less than the first dose. It was shown
that enterocytes exposed to high doses of iron could not absorb iron sufficiently and it was shown
that 5-6 days should pass and new enterocytes should take part in absorption in order to ensure
absorption at the same rate. Therefore, it was thought that weekly administration of iron treatment
could increase absorption (14). In later times this theory was supported by various animal
experiments (15). In a study conducted by Granick et al. in 1946, high doses of iron were given to
guinea pigs and it was shown that ferritin crystals were formed in duodenal mucosal cells and these
crystals could persist in the cells for 3-6 days (16). This study suggested that ferritin may play a role
in iron absorption. Later in 1963, the mucosal block theory was modified by Crosby et al. and it was
determined that the iron content in the dueodonal mucosa played a role in iron absorption in
experimental animals (17). In the 1960s, iron absorption mechanisms began to be investigated in
humans. In 1998, a study by Hallberg et al. showed the opposite result of animal experiments.
According to this study, contrary to animal experiments, the first dose of iron given did not affect the
subsequent doses and did not reduce iron absorption (18).

In the study conducted by Young et al. in 2009, the role of hepsidine in iron homeostasis was
demonstrated. In this study, it was shown that there was a negative correlation between hepsidin
level and iron absorption in young women (19). In the same period, Zimmermann et al. demonstrated
that hepsidine was an important predictor of dietary iron bioavailability in young women (8). In 2017,
Sangkhae and Nemeth showed that hepatic BMP-SMAD pathway decreases the expression of
hepsidine, which is a regulatory hormone of iron homestasis, in iron deficiency. It was stated that the
expression of ferroportin and DMT-1 in enterocytes increased with the decrease in circulating
hepsidine level and thus iron absorption increased (20).

In the study conducted by Moretti et al. in 2015, 54 female patients with iron deficiency without
anaemia (hemoglobin>11.7 g/dl and ferritin <20 ng/dl) received oral ferrous sulphate labelled at
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various doses for two days. The aim of the study was to show acute elevation of hepsidine after iron
replacement. After administration of 60 mg, 80 mg, 160 mg and 240 mg elemental iron, a significant
increase in plasma hepcidin level was found in the first 24 hours (p<0.05). It was shown that
fractionated iron absorption decreased with increasing dose (p<0.01). However, total iron absorption
was found to increase with dose increase (p<0,01) (11). In the same study, significant differences were
observed in plasma hepcidin levels measured at 10:00, 16:00 and 08:00 the next morning in the group
given 2x60 mg iron (p<0.01). After the first dose, iron absorption at noon dose decreased by 26% and
iron absorption the next morning decreased by 46% compared to the first dose (p<0.01). In terms of
total iron absorption, no statistically significant difference was found between the group given 2x60
mg and the group given 1x60 mg. Transferrin saturation (%) values measured at the 4th hour after
iron replacement at various doses increased statistically significantly with increasing dose (11). In our
study, a significant increase in transferrin saturation was observed in group 1 (p=0.015) and group 2
(p=0.001) patients between days 0 and 28 in the temporal plane. When the rate of change in transferrin
saturation was evaluated between the groups, a statistically significant difference was found between
days 0 and 14 in group 1 and group 2. The study by Moretti et al. was shorter in terms of evaluation
period (2 days) compared to our study (11).

Stoffel et al. in their first study in 2017, they divided 40 female patients with iron deficiency
without anaemia into two groups (7). The first group received 60 mg elemental iron every day for 14
days (group A) and the second group received iron every other day for 28 days (group B). Iron
absorption was statistically significantly increased in the group given iron every other day (16.3%
and 21.8%, p<0.01). Total iron absorption was similar in both groups (p<0.05). Serum hepcidin level
was significantly increased in group A patients (7). In the second study conducted by the same team,
it was planned to investigate the effect of dividing the doses during the day on hepcidin levels and
iron absorption. Patients were divided into randomised groups. Group 1 received 120 mg elemental
iron at 08:00, while group 2 patients received a total of 120 mg elemental iron, 60 mg at 08:00 and 60
mg at 18:00. There was a significant increase in serum hepcidin level in both groups (p<0.001). The
increase in hepsidine in the group given iron 2 times a day was found to be higher than in the group
given a single daily dose (p=0.013). In the group that received single daily dose of iron, serum
hepsidine and fractionated iron absorption levels were correlated (p=0.035 for day 1, p=0.001 for day
2, p=0.001 for day 3). In the group receiving iron replacement in two doses per day, hepsidin and
fractionated iron absorption were correlated on day 1 (p=0.013), but no correlation was found on days
2 and 3 (p=0.17 for day 2, p=0.33 for day 3). No increase in fractionated and total iron absorption was
observed in split dosing (7).

In the study by Stoffel et al. published in 2019, it was shown that in 16 women with iron
deficiency anaemia, high-dose oral iron (100 mg, 200 mg) treatment increased serum hepsidine levels
for 24 hours, but this effect did not last for 48 hours (6). It has been shown that absorption of
fractionated iron decreases the following day but reaches basal absorption level after 48 hours. This
contradicts with the mucosal block theory. It was proved in this study that the absorption of
fractionated iron was less in patients receiving 200 mg iron compared to those receiving 100 mg iron.
Patients were followed up for 6 days in this study. Labelled ferrous sulphate was given to the patients
on the 2nd, 3rd and 5th days. After administration of 100 mg iron to the first group and 200 mg iron
to the second group, serum hepsidin levels were evaluated on day 2, day 3 and day 5. It was shown
that serum hepsidin levels increased in both groups in a time-dependent manner (p<0.001). In both
doses, serum hepsidine level was significantly increased on day 3 compared to days 2 and 5 (p<0.002
for day 2, p<0.001 for day 5). There was no significant difference in serum hepsidine levels between
days 2 and 5. At the same time, fractionated and total iron absorption, which were analysed in both
doses, were significantly increased on day 2 and day 5 compared to day 3 (p<0.001). No significant
difference was found in fractionated and total iron absorption between day 2 and day 5, regardless
of dose. When ferritin level was analysed for both doses, ferritin level was found to be significantly
increased on day 3 and day 5 compared to day 2 (p<0.05). Serum iron level and transferrin saturation
were significantly increased on day 3 and day 5 compared to day 2 (p<0.05), but no significant
difference was found between day 3 and day 5. Total iron binding capacity was found to be
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significantly decreased on day 3 and day 5 compared to day 2 (p<0.05, p<0.01), but again no
significant difference was found between day 3 and day 5. When the group receiving 100 mg iron
was evaluated in terms of side effect profile, symptoms such as nausea, vomiting and diarrhoea were
seen 40% less. However, no statistically significant difference was found between the two groups in
terms of side effects (p=0.105) (6). In conclusion, when combined with the first study in 2017, it has
been proven that every other day dosing scheme increases the absorption of fractionated iron in iron
replacement in patients with iron deficiency with or without anaemia, and this absorption is higher
in the low dose regimen.

In our study, when ferritin levels were evaluated in the intragroup temporal plane, no
statistically significant difference was found for group 1 (p=0.05), group 2 (p=0.2) and group 3
(p=0.122) on days 0 and 28. However, a statistically significant increase was observed for group 1
(p<0.001), group 2 (p<0.002) and group 3 (p=0.001) on the 14th and 28th days.When the rate of ferritin
change was compared between the groups, the increase in ferritin was higher in the group receiving
1x1 every day (median value for the group receiving 1x1 every day: 5(-11,22)). These results
suggested that ferritin increase was significant after hemoglobin levels increased. When serum iron
levels were evaluated in the temporal plane, a significant increase in iron levels was found in group
1 (p=0.002) and group 2 (p=0.004). No significant difference was found in group 3 (p=0,363). When
unsaturated iron binding capacity was evaluated, a statistically significant decrease was found at the
end of the 28th day in group 1 (p=0.013) and group 2 (p=0.001) patients. In group 3 patients, no
significant decrease was found in terms of unsaturated iron binding capacity (p=0.123). In terms of
side effects, vomiting and diarrhoea symptoms were not observed in any patient in our study. There
was no significant difference between the groups in nausea and constipation symptoms. On the
second and third control days, metallic taste (p=0.09) and bloating (p=0.09) were found more in group
3 patients.

Kaundal et al. randomly divided a total of 62 patients with iron deficiency anaemia into two
groups in their study published in 2019 (21). One group received oral iron treatment twice a day with
a total of 120 mg elemental iron/day (n=31) and the other group received oral iron treatment every
other day with a total of 120 mg elemental iron every other day (n=31) and hemoglobin increase,
hepcidin level and side effect profile were analysed. In the study, the increase of hemoglobin value =
2 gr/dl at the end of the third week was taken as a reference. The percentage of achievement of this
reference was 33.3% in the group given iron twice a day, while this rate was 6.5% in the group given
iron 1x1 every other day and this difference was found to be statistically significant (p<0.001). There
was no significant difference between the 2 groups in terms of plasma hepcidin levels (p=0.8). In
terms of side effects, nausea was observed 22.5% in the group with 1x1 every other day use, whereas
it was observed 38.7% and significantly more frequently in the group with 2x1 every other day iron
use (p=0.03). No significant difference was observed between the two groups in terms of dyspepsia,
vomiting, constipation and diarrhea (21). In this study, a result contrary to previous studies was
found. this may be due to the fact that anaemia of any severity was included in the study. The median
hemoglobin value of the patients participating in this study was 8.9 g/dl and this median value is
lower than similar studies in the literature. In addition, the fact that the hepsidin level did not change
in this study contradicts the finding of increased hepsidin level in patients with daily iron intake in
previous studies. Furthermore, the finding that hepsidin level did not change in this study contradicts
with the finding of increased hepsidin level in patients with daily iron intake in previous studies (6).

Karakog et al. conducted a study comparing the efficacy of daily and every other day iron
therapy in 264 pregnant women in the second trimester of pregnancy (14-28 weeks) (22). The patients
were given 100 mg of ferrous sulphate every day and every other day. Hemoglobin and ferritin levels
were compared at the end of 2 months. A statistically significant increase was found in hemoglobin
and ferritin levels at the end of the second month in both groups (p<0.05). This study was conducted
in the temporal plane and has deficiencies in terms of not comparing the hemoglobin and ferritin
levels between the two groups. In this study, in terms of side effect profile, the frequency of side
effects was 41.1% in the group receiving daily medication, whereas it was 15.7% in the group
receiving iron every other day. When a comparison was made between the two groups in terms of
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side effect profile, a statistically significant result was obtained (p=0.005). In our study, a statistically
significant increase was found in hemoglobin levels at the end of the 28th day in patients in all three
groups (p<0.001). No difference was observed when the level of hemoglobin change between the
groups was evaluated. Treatment response was observed in all three treatment protocols.

The limitations of our study are the relatively small number of patients, the lack of male patients
and the retrospective design of the study. However, our study is valuable in terms of being a study
conducted in the current field, including real-life data and containing findings compatible with the
literature. In addition, unlike other studies, the data of three different treatment modalities were
evaluated in our study and the changes and responses of these modalities were evaluated both within
and between each other.

5. CONCLUSION

In conclusion, in our study, the classical oral iron replacement therapy for iron deficiency was
compared with alternative treatment modalities. Hemoglobin and ferritin values were evaluated for
efficacy. The only difference in terms of efficacy was observed in ferritin values between 14th and
28th days. It was found that the increase in ferritin values between 14th and 28th days was higher in
the group using 1x1 oral iron therapy every day. However, since there was no difference between the
groups in terms of hemoglobin values and there was no difference between the groups in terms of
ferritin values on days 0 and 28, all three groups were evaluated as equal in terms of efficacy.

Side effects were evaluated mainly in terms of gastrointestinal side effects. Since the group
receiving 2x1 every other day oral iron therapy had a higher rate of side effects, which was
statistically borderline significant, we anticipate that patient tolerance will be lower compared to the
other groups. Since there was no difference in efficacy and side effects between the groups receiving
1x1 every day and 1x1 every other day oral iron therapy, we think that 1x1 every other day oral iron
is the most appropriate treatment method in terms of patient tolerance, treatment compliance and
pharmacoeconomics. At the same time, our study is one of the studies evaluating the effect of oral
iron dose and frequency of use on hepcidin levels and the compatibility of these findings with clinical
studies. As a result of our study, when both the response to treatment and the frequency of side
effects are evaluated, the use of 1x1 oral iron every other day comes to the forefront in terms of equal
efficacy, pharmacoeconomics and patient compliance despite the use of a lower dose. Studies to date
have demonstrated the efficacy of every other day oral iron therapy in terms of iron absorption,
treatment response, patient compliance and side effect profile. However, these data still need to be
supported by larger prospective randomised controlled trials.
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