
Vol.:(0123456789)1 3

Annals of Hematology (2023) 102:1333–1340 
https://doi.org/10.1007/s00277-023-05198-2

ORIGINAL ARTICLE

A randomized controlled trial of thrice‑weekly versus thrice‑daily 
oral ferrous fumarate treatment in adult patients with iron‑deficiency 
anemia

Siddhibhong Jongkraijakra1,2  · Thitima Doungngern3  · Warunsuda Sripakdee3  · Arnuparp Lekhakula4 

Received: 1 July 2022 / Accepted: 23 March 2023 / Published online: 3 April 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Iron deficiency anemia (IDA) is a common health problem in developing countries. Many studies have shown that low-dose 
oral iron could have similar efficacy and less gastrointestinal effects in iron deficiency without anemia. This prospective 
open-labeled randomized controlled study was designed to compare the response of 200 mg ferrous fumarate thrice-weekly 
(TIW) as not inferior to the thrice-daily (TID) regimen and to assess the incidence of adverse events (AEs) between two 
regimens in treating adult patients with IDA. The primary endpoint was either an increase in Hb ≥ 3 g/dL, having Hb of 
12 g/dL in females or 13 g/dL in males at the 12th week of treatment. Secondary outcomes included adverse events (AEs), 
red blood cell indices, iron profiles, and patient compliance. Sixty-four patients were randomized: 32 in the TIW arm and 
the other 32 in the TID arm. The response rates were not different between two arms either with intention to treat analysis 
(72.0%, 95%CI 56.6–88.5 vs. 71.9%, 95%CI 53.3–86.3, p = 0.777); or per-protocol analysis (88.9%, 95%CI 70.8–97.6 vs. 
88.5%, 95%CI 69.8–97.6, p = 1.0), respectively. The trial demonstrated non-inferiority at a margin of 23%. Although the 
iron profile response of the TID arm was earlier than the TIW arm, almost all patients recovered from anemic symptoms at 
week 4, and hematologic responses were not different at week 12. There were more gastrointestinal AEs in the TID arm. In 
conclusion, this study showed that the TIW was non-inferior to the TID iron treatment of IDA patients but less AEs and costs.
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Introduction

Anemia is a significant cause of health loss, and the burden is 
high. In developing countries, iron deficiency anemia remains 
the major cause of anemia and morbidity worldwide [1]. The 
World Health Organization defines anemia as a hemoglobin 

(Hb) concentration below 13 g/dL in men over 15 years of age, 
below 12 g/dL in non-pregnant women over 15 years of age, 
and below 11 g/dL in second- and third-trimester pregnant 
women [2]. The diagnostic criteria for iron deficiency anemia 
vary between published studies [3]. Serum ferritin cut point 
for diagnosis of IDA ranged from 15 to 30 ng/mL, while 
30 ng/mL is high sensitivity and specificity [4–6]. Because 
blood is iron-rich, IDA in adult patients can mostly result 
from chronic blood loss, and this is a common mechanism 
underlying the development of iron deficiency, for example, 
as a consequence of menstrual or significant gastrointestinal 
blood loss, as well as hookworm infestation [7]. Other 
contributory factors are malnutrition and medications, such 
as aspirin. Multiple medications such as antacids, histamine-2 
receptor antagonists  (H2RAs), proton pump inhibitors (PPIs), 
non-steroidal anti-inflammatory drugs (NSAIDs), aspirin, 
zinc, and manganese can contribute to the malabsorption of 
iron and/or increased risk of bleeding. Evidently, the drug 
interaction is no clinical significance [8].
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The treatment of IDA aims to (i) restore normal circulat-
ing Hb level, (ii) replenish body iron store, (iii) improve 
quality of life, and (iv) improve physiological function. Suc-
cessful iron replacement therapy (IRT) should achieve all 
these outcomes [7]. Traditionally, oral iron salts are taken 
in a split dose, two or three times a day. More recent data 
suggest that lower doses and infrequent administration may 
be as effective as the traditional regimen while probably 
associated with lower rates of adverse effects. In addition, it 
may be inconvenient for some people to find three periods 
during the day to take iron on an empty stomach [7, 9–12]. 
There is no strong study evaluating the effectiveness of lower 
dose regimens in patients with iron deficiency anemia. This 
study aimed to investigate whether thrice-weekly compared 
to a thrice-daily dose of oral 200 mg ferrous fumarate tablet 
for 12 weeks is inferior in terms of efficacy and safety for 
the treatment of IDA.

Methods

The prospective open-labeled randomized controlled 
study was conducted at Songklanagarind university hospi-
tal between February 1, 2020, and January 31, 2022. We 
recruited patients aged > 18 years and proven IDA with cri-
teria of Hb < 12 g/dL in females or < 13 g/dL in males and 
serum ferritin level of < 30 ng/mL. They were excluded if 
having (i) a history of iron allergy, (ii) pregnancy or breast-
feeding, (iii) a known history of inflammatory bowel dis-
ease, celiac disease, inherited bleeding disorder, solid can-
cer, hematologic cancer, or thalassemic disease, (iv) renal 
impairment with glomerular filtration rate less than 30 ml/
min/1.73  m2, (v) hepatic impairment with a Child-Pugh 
score > 7, (vi) active bleeding as hemoglobin decrease > 
2 g/dL, and (vii) received multivitamin or iron supplement 
> 35 mg of elemental iron per day within 2 weeks before 
randomization. They were considered to withdraw if they 
had ferrous fumarate intolerance, active bleeding, major sur-
gery, received blood transfusion of more than 2 units, and 
loss to follow-up for longer than 2 weeks. One study author 
assessed the patients for study eligibility (LA). Another 
author (JS) was involved in generating the random allocation 
sequence, patient randomization, study drug administration, 
and ensuring compliance. Randomization was done with a 
1:1 allocation in blocks of four to receive an oral 200 mg 
ferrous fumarate tablet either one-time thrice-weekly (TIW 
arm) on Monday, Wednesday, and Friday or one-time thrice-
daily (TID arm) for 12 weeks of treatment. The protocol 
was approved by the institutional ethics committee (Ref no. 
BlB9-D4Zt-Oe66-6DGS, REC.62-404-14-1) and was regis-
tered at www. clini caltr ials. gov as NCT04130828.

The primary endpoint was defined as either an increase 
in Hb ≥ 3 g/dL or having Hb > 12 g/dL in females or > 13 

g/dL in males after 12 weeks of treatment [13]. Secondary 
endpoints included adverse events (AEs), changes in red cell 
indices and iron profiles, and compliance. The patients were 
reassessed, and blood samples were taken at baseline, at 4 
and 12 weeks. The red cell indices and iron profiles were run 
on XN-3000® (Sysmex Corporation) and Cobas 8000  c502® 
(Roche diagnostics), respectively. A structured interview 
was used to assess the symptoms of anemia with the particu-
lar list: fatigue, dyspnea on exertion, dizziness, sore tongue, 
taste disturbance, and pica at baseline, 4 and 12 weeks. All 
AEs subjectively reported by patients were recorded using 
the Common Terminology Criteria for Adverse Events ver-
sion 4.0 in their logs daily and structured interviews on fol-
low-up visits at weeks 4 and 12. Compliance was ensured by 
pill count, structured interviews, and hematological response 
on follow-up visits at weeks 4 and 12.

Sample size and statistical analysis

The sample size was estimated for the non-inferiority trial 
for the binary data using the therapeutic response rate of 
92% [14], non-inferior margin (δ) using 25% of different 
response rate in the active comparator [15], 1:1 ratio, type I 
error of 0.05, and a power of 0.90. The result was calculated 
to be 24 in each arm [16, 17]. Assuming a drop-out rate of 
20%, the accrual goal was 29 per arm. We compared the dif-
ference of variables with the chi-square test and Mann-Whit-
ney test for categorical and continuous variables, respec-
tively, and compared within-group effects by a linear mixed 
model analysis. The significance level was defined as P < 
0.05, and all analysis was performed using IBM SPSS v22.

Results

Patients

Sixty-six patients were screened for eligibility, out of which 
a total of 64 were randomized (32 each in the TIW and TID 
arm; Fig. 1). Two became ineligible because of myelodys-
plastic syndromes. The baseline characteristics are shown in 
Table 1. The mean age was 49 years, and this was the same 
in both arms. Similarly, the patients in both treatment arms 
were predominantly females. The baseline characteristics, 
including age, gender, BMI, comorbidity, possible causes of 
IDA, concurrent medications used that may interfere with 
the results, anemic symptoms, hematological parameters, 
and iron profile were generally balanced between the two 
randomized treatments. Eight were lost to follow up and 
three withdrew from the study because they received blood 
transfusion > 2 units (2 patients) and oral iron treatment 
from another provider (1 patient). At the end of the 12-week 

http://www.clinicaltrials.gov
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duration of the study, the remaining number of patients in 
TIW and TID arms were 27 and 26, respectively (Table 2).

Primary endpoint

Although the mean Hb level in the TID arm was signifi-
cantly higher than the TIW arm at week 4 (9.9 vs. 10.8 g/
dL, respectively, p = 0.040), the mean Hb levels were not 
substantially different in either arm (11.9 vs. 12.4 g/dL, p = 
0.188) at week 12 (Table 2). The primary endpoint in terms 
of an increase in Hb ≥ 3 g/dL or having Hb of 12 g/dL in 
females or 13 g/dL in males at 12th week of treatment was 
not significantly different between the two arms as revealed 
by both intentions to treat (ITT) analysis (72.0%, 95% CI 
56.6–88.5 vs.71.9% 95% CI 53.3–86.3, respectively, p = 
0.777) and per-protocol analysis (88.5%, 95%CI 69.8–97.6 
vs. 88.9%, 95% CI 70.8–97.6, respectively, p = 1.000) 
(Table 3). The difference between the sample proportions 
was 0.1% (95%CI–21.9 to 22.1) with ITT analysis and 0.4% 
(95%CI–16.7 to 17.5) with per-protocol analysis. Since the 
95% CIs did not contain the non-inferiority margin (δ) of 

25%. The findings obtained by both protocols; the results 
indicated that the primary outcome (mean Hb levels) in the 
TIW arm was non-inferior relative to the TID arm.

With subgroup analysis for patients whose initial Hb 
level was less than 8 g/dL, the response rates were not 
significantly different between the two arms at week 4, i.e., 
92.3% (95% CI 64.0–99.8) for the TIW arm (n = 13) vs. 
92.9% (95% CI 66.1–99.8) for TID arm (n = 14), p = 1.000; 
and the same was true at week 12, 100% (n = 11) vs. 100% 
(n = 10), respectively, p = 1.000.

Secondary endpoints

Hematological parameters and iron profile within a group 
at weeks 4 and 12 are shown in Table 2 and between groups 
at weeks 4 and 12 are also shown in Table 4. Although the 
mean Hb levels in the TID arm were considerably higher 
than that of those in the TIW arm at week 4, the level 
was not clinically significant at the difference of 0.9 g/dL. 
Almost all recovered from anemic symptoms despite lesser 
Hb levels in the TIW arm (Table 5). Everyone was well 

Fig. 1  CONSORT (consolidated 
standards of reporting trials) 
diagram
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and free of symptoms at week 12. We found that the mean 
RDWs were not different between both groups at weeks 4 
and 12. While the mean MCVs were not different at week 
4 in both arms (74.8 vs. 71.3 fL, p = 0.099), at week 12, 
it was significantly more in the TID arm than those in the 
TIW arm (80.6 vs. 74.5 fL, p = 0.012).

Regarding the iron profile of the treated patients, trans-
ferrin saturation was not different between the two arms at 
weeks 4 and 12. Serum ferritin levels in the TID arm were 
significantly greater than in the TIW arm at week 4 and 12. 
The proportion of patients who had serum ferritin > 30 ng/
mL was lower in the TIW arm than in the TID arm at week 
4 (44.8% vs. 73.3%, p = 0.035) but was not different at week 
12 (64.3% vs. 73.1%, p = 0.430).

With regards to safety issues associated with the 
treatment, Table 6 summarizes the common AEs of oral 
ferrous fumarate in both arms. No severe or life-threatening 
AEs were reported in either arm. None of the patients 
discontinued the drug due to AEs. There were predominant 
gastrointestinal AEs, including nausea, epigastric 
discomfort, and metallic taste. Although the number of 
patients who got AEs was not statistically different between 
the two arms, total episodes of nausea and epigastric 
discomfort were much more in the TID arm.

Overall compliance was very high in both arms and was 
not different: 96.2% in the TIW arm vs. 93.1% in the TID 
arm (p = 0.200). Compliance at week 4 was 97.2% vs. 94.4% 
(p = 0.114); and at week 12, 95.4% vs. 92.0% (p = 0.154) in 
TIW and TID arms, respectively.

Discussion

Traditionally, oral iron salts for the treatment of IDA are 
taken in a divided dose of two or three times a day. Recent 
data suggest that a lower dose along with less frequent 
administration may be just as effective while probably asso-
ciated with lower rates of adverse effects [7, 11, 12]. Most 
studies were conducted to prevent iron-deficient status in 
such females in reproductive life, pregnant women, and 
mothers during the breastfeeding period [18–28]. This study 
was designed to determine the response of treatment for 
IDA with oral ferrous fumarate administered thrice weekly 
(TIW), as not inferior to the thrice daily (TID) regimen, 
and compared the incidence of the adverse event between 
the two regimens. Our endpoint assessed the response at 
the end of the 12th week of treatment. Although the mean 
Hb level was slightly higher in the TID arm than the TIW 
arm (9.9 vs. 10.8 g/dL, respectively, p = 0.040) at week 4, 
there was no significant difference in clinical improvement. 
Almost all recovered from anemic symptoms. The thera-
peutic response rate at the end was not different between the 
two arms after 12 weeks of therapy with both intention-to-
treat analysis (72.0% vs. 71.9%, respectively, p = 0.777) and 
per-protocol analysis (88.5%, vs. 88.9%, respectively, p = 
1.000). The difference in therapeutic response rate between 
the two arms was 0.1%, 95%CI (−21.9 to 22.1) with ITT 
analysis and was 0.4%, 95%CI (−16.7 to 17.5) with per-
protocol analysis. Since the 95% CIs did not contain the 

Table 1  Patient characteristics

BMI, body mass index; Hb, hemoglobin; MCH, mean corpuscular 
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; 
MCV, mean corpuscular volume; NSAIDs, non-steroidal anti-inflam-
matory drugs; RDW, red blood cell distribution width; SI, serum iron; 
TIBC, total iron-binding capacity; TS, transferrin saturation

Characteristics TIW n (%) TID n (%) P

Total number 32 32
Mean age, y (SD) 49 (16) 49 (15) 0.994
Age > 60 y 8 (25.0) 7 (21.9) 0.768
Female 26 (81.3) 25 (78.1) 0.756
Mean BMI, kg/m2 (SD) 25.0 (5.5) 23.7 (4.7) 0.322
Comorbidity
 Diabetes mellitus 7 (21.9) 6 (18.8) 0.756
 Hypertension 6 (18.8) 7 (21.9) 0.756
 Dyslipidemia 6 (18.8) 3 (9.4) 0.474
Causes of anemia
 Menstrual blood loss 15 (46.9) 14 (43.8) 0.802
 Gastrointestinal bleeding 4 (12.5) 3 (9.4) 1.000
 Not identified 13 (40.6) 15 (46.9) 0.614
 Thalassemia trait 8 (25.0) 5 (15.6) 0.351
Medications used
 Proton pump inhibitors 3 (9.4) 1 (3.1) 0.613
 Aspirin 3 (9.4) 2 (6.3) 1.000
 Calcium carbonate 1 (3.1) 1 (3.1) 1.000
 Zinc sulfate 1 (3.1) 0 (0) 1.000
Symptoms
 Fatigue 21 (65.6) 20 (62.5) 0.794
 Dyspnea on exertion 14 (43.8) 16 (50.0) 0.616
 Dizziness 9 (28.1) 10 (31.3) 0.784
 Sore tongue 1 (3.1) 0 (0) 1.000
 Taste disturbance 1 (3.1) 0 (0) 1.000
 Pica 1 (3.1) 0 (0) 1.000
Laboratory findings, mean (SD)
 Hb (g/dL) 8.1 (1.9) 8.0 (1.6) 0.758
 MCV (fl) 68.0 (9.2) 65.2 (7.3) 0.180
 MCH (pg) 19.8 (3.7) 18.3 (3.2) 0.092
 MCHC (g/dL) 29.0 (2.3) 28.2 (3.3) 0.298
 RDW (%) 19.4 (3.2) 20.2 (2.5) 0.311
 Reticulocyte (%) 1.47 (0.55) 1.65 (0.76) 0.378
 SI (μmol/L) 4.4 (2.6) 3.6 (1.7) 0.145
 TIBC (μmol/L) 75.2 (16.2) 69.8 (9.5) 0.106
 TS (%) 6.5 (5.4) 5.3 (2.7) 0.270
 Ferritin (ng/mL) 10.4 (6.9) 8.8 (4.8) 0.280
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Table 2  Hematological 
parameters and iron profile 
between groups at weeks  
4 and 12

Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean 
corpuscular hemoglobin concentration; NSAIDs, non-steroidal anti-inflammatory drugs; RDW, red blood 
cell distribution width; SI, serum iron; TIBC, total iron-binding capacity; TS, transferrin saturation

Parameters, mean (SD) Week 4 Week 12

TIW TID P TIW TID P

No. of patient 29 30 27 26
Hb (g/dL) 9.9 (1.4) 10.8 (1.8) 0.040 11.9 (1.1) 12.4 (1.9) 0.188
MCV (fl) 71.3 (8.0) 74.8 (7.7) 0.099 74.5 (7.7) 80.6 (9.4) 0.012
MCH (pg) 21.2 (3.2) 23.0 (3.2) 0.040 22.9 (3.1) 26.5 (3.9) 0.001
MCHC (g/dL) 29.7 (2.1) 30.2 (2.3) 0.445 30.7 (1.7) 32.3 (1.8) 0.001
RDW (%) 21.9 (4.2) 23.2 (4.0) 0.249 19.1 (3.2) 17.5 (3.8) 0.096
SI (μmol/L) 11.6 (13.9) 13.0 (10.2) 0.669 10.9 (8.4) 12.7 (7.0) 0.421
TIBC (μmol/L) 68.7 (15.7) 56.8 (9.7) 0.001 63.4 (15.8) 53.0 (11.5) 0.013
TS (%) 18.3 (22.4) 23.8 (18.7) 0.313 18.6 (14.2) 25.1 (14.0) 0.114
Ferritin (ng/mL) 30.2 (19.0) 51.3 (32.1) 0.008 46.3 (30.5) 70.0 (36.5) 0.017

Table 3  The proportion of respondents for the primary endpoint at week 12

Criteria of response TIW (%; 95%CI) TID (%; 95%CI) P

Intention to treat analysis
  No. of patient 32 32
  Hb ≥ 12 g/dL in female, ≥ 13 g/dL in male or ∆ Hb ≥ 3 g/dL 24 (72.0; 56.6–88.5) 23 (71.9; 53.3–86.3) 0.777
  Hb ≥ 12 g/dL in female, ≥ 13 g/dL in male 12 (37.5; 21.1–56.3) 16 (50.0; 31.9–68.1) 0.313
  ∆ Hb ≥ 3 g/dL 19 (59.4; 40.6–76.3) 20 (62.5; 43.7–78.9) 0.789

Per-protocol analysis
  No. of patient 27 26
  Hb ≥ 12 g/dL in female, ≥ 13 g/dL in male or ∆ Hb ≥ 3 g/dL 24 (88.9; 70.8–97.6) 23 (88.5; 69.8–97.6) 1.000
  Hb ≥ 12 g/dL in female, ≥ 13 g/dL in male 12 (44.4; 25.5–64.7) 16 (61.5; 40.6–79.8) 0.213
  ∆ Hb ≥ 3 g/dL 19 (70.4; 49.8–86.2) 20 (76.9; 56.4–91.0) 0.789

Table 4  Hematological parameters and iron profile within-group at weeks 4 and 12

Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; 
NSAIDs, non-steroidal anti-inflammatory drugs; RDW, red blood cell distribution width; SI, serum iron; TIBC, total iron-binding capacity; TS, 
transferrin saturation

Parameters, mean (SD) TIW TID

Week 0 Week 4 Week 12 P Week 0 Week 4 Week 12 P

No. of patient 32 29 27 32 30 26
Hb (g/dL) 8.1 (1.9) 9.9 (1.4) 11.9 (1.1) <0.001 8.0 (1.6) 10.8 (1.8) 12.4 (1.9) <0.001
MCV (fl) 68.0 (9.2) 71.3 (8.0) 74.5 (7.7) <0.001 65.2 (7.3) 74.8 (7.7) 80.6 (9.4) <0.001
MCH (pg) 19.8 (3.7) 21.2 (3.2) 22.9 (3.1) <0.001 18.3 (3.2) 23.0 (3.2) 26.5 (3.9) <0.001
MCHC (g/dL) 29.0 (2.3) 29.7 (2.1) 30.7 (1.7) <0.001 28.2 (3.3) 30.2 (2.3) 32.3 (1.8) <0.001
RDW (%) 19.4 (3.2) 21.9 (4.2) 19.1 (3.2) 0.600 20.2 (2.5) 23.2 (4.0) 17.5 (3.8) 0.003
SI (μmol/L) 4.4 (2.6) 11.6 (13.9) 10.9 (8.4) 0.001 3.6 (1.7) 13.0 (10.2) 12.7 (7.0) <0.001
TIBC (μmol/L) 75.2 (16.2) 68.7 (15.7) 63.4 (15.8) <0.001 69.8 (9.5) 56.8 (9.7) 53.0 (11.5) <0.001
TS (%) 6.5 (5.4) 18.3 (22.4) 18.6 (14.2) <0.001 5.3 (2.7) 23.8 (18.7) 25.1 (14.0) <0.001
Ferritin (ng/mL) 10.4 (6.9) 30.2 (19.0) 46.3 (30.5) <0.001 8.8 (4.8) 51.3 (32.1) 70.0 (36.5) <0.001
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non-inferiority margin of 23%, these findings demonstrated 
positive results of the non-inferiority. The response rate was 
less than the previous study by Chaudhari DR et al. [14], 
in which the response proportion of ferrous sulfate 200 mg 
thrice daily after 12 weeks of treatment in adult IDA was 
92.0%. Nevertheless, the response proportions in both arms 
were a little different from the study of Chaudhari DR et al. 
with per-protocol analysis. This was in accordance with the 
previous studies by Kaundal R et al. [29] in which the pro-
portion of response classified by increased Hb level at ≥ 2 
g/dL at week 3 and week 6 in the twice-daily arm was more 
than alternate-day arm. The response in the TIW arm at the 
4th week was less than the previous systematic review by 
Okam MM et al. [30], in which the response proportion clas-
sified by Hb level at > 3 g/dL was 6.9%. Nevertheless, the 
response proportion in the 12th week of this study was more 
than their study (66.7%).

Concerning patients with severe anemia, having initial 
Hb < 8 g/dL, the response rates were not different in the 
TIW arm compared to the TID arm at both 4 and 12 weeks 
of treatment. The explanation of this response to lower dose 
iron treatment may be related to hepcidin which is the key 

Table 5  Patients’ symptoms 
between the arms at weeks 4 
and 12

NA, not applicable

Symptoms Week 4 Week 12

TIW n (%) TID n (%) P TIW n (%) TID n (%) P

No. of patients 29 30 27 26
Fatigue 0 (0) 1 (3.3) 1.000 0 (0) 0 (0) NA
Dyspnea on exertion 1 (3.4) 2 (6.6) 1.000 0 (0) 0 (0) NA
Dizziness 0 (0) 2 (6.6) 0.492 0 (0) 0 (0) NA
Sore tongue 1 (3.4) 0 (0) 0.492 0 (0) 0 (0) NA
Taste disturbance 0 (0) 0 (0) NA 0 (0) 0 (0) NA
Pica 1 (3.4) 0 (0) 0.492 0 (0) 0 (0) NA

Table 6  Adverse events during the entire study

NA, not applicable
*Comparison of numbers of patients who had AEs between the arms

Symptoms TIW arm TID arm P*

n (%) No. of 
total 
events

n (%) No. of 
total 
events

No. of patients 29 30
Metallic taste 2 (6.9) 4 3 (10.0) 5 1.000
Epigastric discom-

fort
1 (3.4) 1 4 (13.3) 24 0.353

Nausea 3 (10.3) 9 4 (13.3) 26 1.000
Vomiting 0 (0) 0 0 (0) 0 NA
Diarrhea 3 (10.3) 13 1 (3.3) 9 0.353
Constipation 0 (0) 0 1 (3.3) 3 1.000

regulator of systemic iron balance in the human body, act-
ing in concert with intracellular iron metabolism. Hepcidin 
inhibits iron absorption in the duodenum and the release 
of iron from macrophages. Continuous administration of 
iron replacement will increase the amount of hepcidin in 
the bloodstream throughout the day. This is inversely pro-
portional to iron bioavailability and impairs transferrin 
saturation, especially if iron administration is divided in a 
day [9]. This was in accordance with the previous studies 
by Moretti D et al. in which after oral iron administration 
of more than 60 mg of elemental iron either in a divided 
dose twice daily or once a day, serum hepcidin will increase 
and affect fractional iron absorption. Lower dosages (40–80 
mg) of elemental iron and avoiding twice-daily dosing maxi-
mize fractional iron absorption. The duration of the hepcidin 
response supports the administration of the drug every other 
day [9]. Stoffel NU et al. also demonstrated that alternate-
day dosing of 100 and 200 mg iron in women with IDA 
sharply increased fractional iron absorption. Even if hepci-
din expression is strongly suppressed by iron deficiency and 
erythropoietic drive, the intake of oral iron leads to an acute 
hepcidin increase for 24 h [28].

The patients who had symptoms almost fully recovered at 
week 4, and all were symptom-free at week 12, albeit with 
different hematological and iron profile responses. This 
observation was consistent with a previous study by Jimenez 
et al. [31], who noted that some patients may report an improved 
sense of well-being a few days after initiating iron treatment.

Serum ferritin level is often used as an indication of iron 
storage in the body. Normal serum ferritin level ranges from 
30 to 400 ng/mL. In IDA, it may take 3 to 6 months after 
iron replacement therapy to replenish iron storage [12]. 
Our study also confirmed that serum ferritin continuously 
increased after iron therapy. Serum ferritin levels in the TIW 
arm slowly returned to normal at 44.8% and 63.0% after 4 
and 12 weeks, respectively. Approximately 73% of the TID 
arm had serum ferritin in the normal range after 12 weeks of 
therapy. The proportion of patients who had serum ferritin > 
30 ng/mL was not different between the two groups at week 
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Limitation

During the course of this investigation, we encountered 
a challenge due to the Coronavirus 2019 pandemic situa-
tion. Six patients were unable to visit the study site due to 
COVID-19 travel restrictions. They were investigated by the 
physician at the nearby hospital and reported the results to 
us. Consequently, the laboratory values might be different 
from the study site. The sample size, based on our hypoth-
esis and non-inferiority margin, was not a big limitation to 
conclude the non-inferiority between the two regimens.
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