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Abstract Iron deficiency anemia is a common hematological disorder associated with fatigue, weakness, reduced
functional capacity, and impaired quality of life. Oral iron is widely used as first-line therapy, whereas intravenous
iron may provide faster correction of anemia and restoration of iron stores. Objective: To compare the effects of oral
and intravenous iron therapy on hemoglobin, serum ferritin, and transferrin saturation in patients with iron deficiency
anemia. Methods: This prospective, nonrandomized comparative study was conducted at Poonch Medical College,
Rawalakot, from June 2025 to June 2026 and included 100 patients with iron deficiency anemia, with 50 in each
treatment group. The follow-up interval was (VERIFY: duration from treatment initiation to final assessment). Oral
therapy consisted of (VERIFY: preparation, elemental iron dose, frequency, and duration); intravenous therapy
consisted of (VERIFY: formulation, total dose, number of infusions, and schedule). Results: Baseline characteristics
were comparable between groups. Hemoglobin increased from 8.7+1.1 to 11.2+1.1 g/dL in the oral group and from
8.6x1.0 to 12.1+1.0 g/dL in the intravenous group (reported p<0.001 for the between-group comparison; VERIFY
statistical output). Serum ferritin increased from 8.9+3.1 to 38.6£12.4 ng/mL with oral therapy and from 9.2+3.4 to
72.84£20.6 ng/mL with intravenous therapy (p<0.001). Transferrin saturation increased from 9.8+3.2% to 22.7+5.1%
and from 10.1+3.5% to 29.4+6.2%, respectively (p<0.001). A hemoglobin increase of =2 g/dL was achieved in 39
(78.0%) oral and 47 (94.0%) intravenous recipients (reported p = 0.016; two-sided Fisher exact p = 0.041 from published
counts). Restoration of ferritin 230 ng/mL occurred in 31 (62.0%) versus 45 (90.0%) patients (p<0.001).
Gastrointestinal adverse effects were significantly more frequent with oral iron (36.0% vs. 8.0%, p = 0.001).
Conclusion: Both groups showed improvements in hematological and iron-status parameters, with larger observed
changes in the intravenous group. Because treatment allocation was nonrandomized and follow-up and dosing details
require confirmation, the differences should not be interpreted as definitive evidence of causal superiority. Treatment
selection should account for clinical indication, tolerance, availability, and infusion-related risks.
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INTRODUCTION for erythropoiesis [E]. Current guidelines focus on confirming

Iron deficiency anemia (IDA) is an important hemato-nutrient
deficiency in the world. Dietary iron deficiency is now
estimated to be a significant contributor to the health burden,
especially for women, and for populations in low-resource
areas []. In addition to low hemoglobin, IDA can lead to
fatigue, weakness, decreased exercise tolerance, difficulty
concentrating and decreased quality of life [@r]. Diagnosis is
made by evaluating hemoglobin and iron status markers.
Serum ferritin is a measure of body iron stores and transferrin
saturation (TSAT) is a measure of available circulating iron

the diagnosis of iron deficiency, determining the cause of iron
deficiency, and the level of recommended treatment based on
the severity, absorption, tolerance, and continuing blood loss
[@]. Oral iron is the treatment of choice as it is cheap, widely
available and effective if it is absorbed and tolerated [@]. The
gastrointestinal side effects, poor adherence, and absorption
issues, however, and the lack of a response may affect
treatment success [E]. When oral iron is not tolerated, not
effective or is unlikely to be well absorbed, intravenous iron
is recommended [@].
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Intravenous therapy allows the delivery of iron directly into
the blood stream, which may result in quicker hemoglobin and
iron recovery. A recent randomized trial showed higher early
increases in Hb, serum ferritin, serum iron and TSAT in high dose
IV iron compared to oral iron, but no difference in adverse event
rates [8]. Another randomized study reported IV ferric
carboxymaltose to result in more hemoglobin gain and iron-store
normalization after gastrointestinal bleeding [9]. This, however,
might not reflect the comparative effectiveness of the two routes
as per patient characteristics, iron formulation, baseline level of
anemia, treatment duration and clinical setting [10]. Oral therapy
could be effective if the drug is taken and absorbed as prescribed
and recent evidence indicates the dose timing may affect
tolerability or efficacy [[11]. Hence, treatment by IV should not be
assumed to be better for all patients. Both haematological and
biochemical responses to treatment should be assessed. Recently,
comparative studies have found variations in ferritin and TSAT
along with changes in hemoglobin, which support the assessment
of iron-store repletion, in addition to hemoglobin alone [[12]. In
addition, treatment acceptability is critical as swallowing may be
difficult with the tablets, remembering doses, and gastrointestinal
symptoms may decrease adherence to oral treatment [13]. The
clinical choice between oral and intravenous iron depends on
anemia severity, gastrointestinal tolerance and absorption,
ongoing blood loss, the urgency of correction, and patient
preference. Evidence from pregnancy, postoperative, and
pediatric populations may not be directly generalizable to the
broader adult population studied here. At this center, a
comparison of routinely selected treatment routes was intended to
describe hematological responses and tolerability under local
clinical conditions; because allocation was not randomized,
confounding by indication remains possible.

Objective

To compare the effects of oral and intravenous iron therapy
on hemoglobin, serum ferritin, and transferrin saturation in
patients with iron deficiency anemia. The principal
outcomes were changes from baseline in hemoglobin, serum
ferritin, and transferrin saturation. Secondary outcomes
included predefined response thresholds and reported
adverse effects. (VERIFY whether these outcomes and any
hypothesis were specified before data collection).

METHODS

This prospective comparative study was conducted at Poonch
Medical College, Rawalakot from June 2025 to June 2026. A
total of 100 patients with iron deficiency anemia were recruited
using consecutive sampling and divided equally into two
groups, with 50 patients receiving oral iron therapy and 50
receiving intravenous iron therapy. Adult patients with
confirmed iron deficiency anemia, reduced hemoglobin, low
serum ferritin, reduced transferrin saturation, and willingness to
participate were included. Patients with anemia due to chronic
kidney disease, hemoglobinopathies, active malignancy,
significant acute or chronic blood loss requiring immediate
intervention, anemia of chronic disease without iron deficiency,
recent blood transfusion, previous iron therapy within the

preceding 4 weeks, or known hypersensitivity to iron
preparations were excluded. Treatment allocation was not
described as randomized; the actual clinician or patient decision
process and method used to achieve equal group sizes require
confirmation. (VERIFY: recruitment start and end dates,
treatment  initiation, follow-up  duration, diagnostic
hemoglobin/ferritin/TSAT thresholds, adult age range, causes of
iron deficiency, inflammation assessment, numbers
screened/excluded/withdrawn, and sample-size justification).
These unreported factors could introduce selection bias and
confounding by indication.

Data Collection

After obtaining written informed consent, demographic and
clinical information including age, gender, presenting
symptoms, relevant medical history, and baseline hemoglobin,
serum ferritin, and transferrin saturation were recorded on a pre-
designed proforma. Patients in the oral iron group received
standard oral iron therapy, while patients in the intravenous
group will receive intravenous iron according to the calculated
iron requirement and institutional protocol. Hemoglobin, serum
ferritin, and transferrin saturation were assessed at baseline and
at the end of the treatment period. Treatment adherence,
tolerance, and adverse effects including gastrointestinal
symptoms, infusion-related reactions, headache, nausea, and
other reported events were also documented. The primary
outcomes were changes in hemoglobin, serum ferritin, and
transferrin saturation from baseline to follow-up. Secondary
outcomes included the proportion of patients achieving
correction of anemia, restoration of iron stores, improvement in
transferrin saturation, treatment-related adverse effects, and
overall treatment tolerance. (VERIFY AND INSERT: oral
formulation and elemental dose, dosing frequency and duration;
intravenous formulation, calculated iron requirement, total dose,
infusion number and schedule; actual adherence measurement
and handling of missed doses; exact laboratory follow-up time
point and assay laboratory; criteria for anemia correction,
overall response, ferritin =230 ng/mL and TSAT 2>20%;
recording and management of adverse events; missing-data
procedures). A hemoglobin increase >2 g/dL and correction of
anemia are distinct outcomes and should not be assumed to have
identical counts. Written informed consent was reported;
(VERIFY ethics committee name, approval number, and
whether approval preceded recruitment).

Statistical Analysis
Data were entered and analyzed using SPSS version 25.
Quantitative variables including age, hemoglobin, serum
ferritin, and transferrin saturation were expressed as
meantstandard deviation, while categorical variables
including gender, correction of anemia, restoration of iron
stores, and adverse effects were presented as frequencies and
percentages. The independent-samples t-test was used to
compare normally distributed continuous variables between
the two treatment groups, while the Mann—Whitney U test
was applied for non-normally distributed variables. A p-
value <0.05 was considered statistically significant. The
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principal reported comparisons of changes from baseline are
distinct from comparisons of post-treatment means.
(VERIFY the tests actually used for each outcome,
distribution assessment, within-patient handling, baseline
adjustment if performed, 95% confidence-interval
calculation, multiple-comparison policy, and missing-data
analysis population). Fisher exact tests were independently
recalculated from published 2x2 counts for selected binary
endpoints; these checks do not replace analysis of the
original patient-level dataset.

RESULTS
The measured baseline characteristics were broadly similar
between groups, although nonsignificant p-values do not
exclude clinically important imbalance or selection bias.
Mean age was 46.8+13.2 years in the oral group and
45.9+12.7 years in the intravenous group (p = 0.732).
Hemoglobin was 8.7+1.1 versus 8.6£1.0 g/dL, serum ferritin
8.943.1 versus 9.243.4 ng/mL, and transferrin saturation
9.843.2% versus 10.1£3.5%, respectively, with no
significant baseline differences. (VERIFY numbers
screened, enrolled, allocated, completing follow-up, and
included in each analysis, as well as anemia severity
definitions) (Table 1).

After treatment, hemoglobin increased from 8.7+1.1 to
11.2+1.1 g/dL with oral iron and from 8.6£1.0 to 12.1+1.0 g/dL

with intravenous iron. Serum ferritin increased from 8.9+3.1 to
38.6£12.4 ng/mL versus 9.2+3.4 to 72.8+20.6 ng/mL, while
transferrin saturation increased from 9.8+3.2% to 22.7+5.1%
versus 10.1£3.5% to 29.4+6.2%, respectively. Post-treatment
differences were significant for all three parameters (p<0.001).
The displayed p-values require verification as to whether they
compare post-treatment values or changes from baseline; the
manuscript should not conflate these analyses. (VERIFY
identical follow-up intervals and measurement methods in both
groups) (Table 2).

The mean hemoglobin increase was 2.5+0.9 g/dL with oral
iron compared with 3.5£1.0 g/dL. with intravenous iron, with a
mean difference of 1.0 g/dL (95% CI: 0.63-1.37, p<0.001).
Ferritin increased by 29.7+11.6 versus 63.6+19.4 ng/mL (mean
difference 33.9, 95% CI: 27.5-40.3, p<0.001), while transferrin
saturation increased by 12.9+4.7% versus 19.3+5.6% (mean
difference 6.4, 95% CI: 4.35-8.45, p<0.001). Hemoglobin
increase 22 g/dL occurred in 39 (78.0%) versus 47 (94.0%)
patients (reported p = 0.016; Fisher exact two-sided p = 0.041
based on 39/50 versus 47/50), ferritin 230 ng/mL in 31 (62.0%)
versus 45 (90.0%) (p<0.001), and transferrin saturation >20% in
34 (68.0%) versus 46 (92.0%) (p = 0.003). These categorical
thresholds are separate from anemia correction and overall
response, which require operational definitions. The confidence
intervals and p-values for changes from baseline should be
checked against the original statistical output (Table 3).

Table 1: Baseline Demographic and Clinical Characteristics of Patients with Iron Deficiency Anemia (N = 100)

Variable Oral Iron Group (N = 50) Intravenous Iron Group (N = 50) p-value
Age (years) 46.8+13.2 45.9+12.7 0.732
Male gender 24 (48.0) 22 (44.0) 0.689
Female gender 26 (52.0) 28 (56.0) 0.689
Fatigue or generalized weakness 42 (84.0) 44 (88.0) 0.538
Headache or dizziness 31 (62.0) 34 (68.0) 0.530
Shortness of breath on exertion 27 (54.0) 29 (58.0) 0.688
Hemoglobin (g/dL) 8.7x1.1 8.6x1.0 0.641
Serum ferritin (ng/mL) 8.943.1 9.2+3.4 0.646
Transferrin saturation (%) 9.8+3.2 10.1£3.5 0.654
Moderate anemia 34 (68.0) 36 (72.0) 0.657
Severe anemia 16 (32.0) 14 (28.0) 0.657

Define moderate/severe anemia thresholds and applicable guideline; sex is a single binary variable, so the repeated sex p-value should not be interpreted as

separate tests. Confirm missing baseline data and table alignment

Table 2: Hematological Response Before and After Iron Therapy (N = 100)

Oral Iron Group Baseline |Oral Iron Group Post- Intravenous Iron Group Intravenous Iron Group
Variable (N =50) treatment (N = 50) Baseline (N = 50) Post-treatment (N = 50) p-value
Hemoglobin (g/dL) 8.7£1.1 11.2+1.1 8.6+1.0 12.1+1.0 <0.001
Serum ferritin (ng/mL) 8.9+3.1 38.6+12.4 9.2+3.4 72.8+£20.6 <0.001
Transferrin saturation (%) 9.8+3.2 22.7+£5.1 10.1£3.5 29.4+6.2 <0.001

Values are mean+SD. The p-values must be labeled as comparisons of post-treatment values or comparisons of changes from baseline according to the actual

analysis. Follow-up interval: (VERIFY)

Table 3: Change in Hematological Parameters Following Oral and Intravenous Iron Therapy (N = 100)

Variable Oral Iron Group (N = 50) Intravenous Iron Group (N = 50) Mean Difference (95% CI) p-value
Hemoglobin change (g/dL) 2.5+0.9 3.5+1.0 1.0 (0.63-1.37) <0.001
Serum ferritin change (ng/mL) 29.7£11.6 63.6+19.4 33.9 (27.5-40.3) <0.001
Transferrin saturation change (%) 12.9+4.7 19.345.6 6.4 (4.35-8.45) <0.001
Hemoglobin increase >2 g/dL 39 (78.0) 47 (94.0) 3.62 (1.28-10.24) 0.016

Ferritin 230 ng/mL achieved 31 (62.0) 45 (90.0) 5.52 (2.25-13.53) <0.001
Transferrin saturation >20% achieved 34 (68.0) 46 (92.0) 4.53 (1.68-12.23) 0.003

Continuous outcomes show mean differences (95% CI); binary outcomes require an explicitly labeled risk ratio or odds ratio (95% CI), calculated from the
source data. The current binary effect estimates are not identified and must be recalculated. Exact test selection and all p-values require verification
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Table 4: Treatment Response, Adverse Effects, and Tolerability According to Iron Therapy (N = 100)

Outcome Oral Iron Group (N = 50) Intravenous Iron Group (N = 50) p-value
Overall treatment response 42 (84.0) 48 (96.0) 0.046
Correction of anemia 39 (78.0) 46 (92.0) 0.049
Restoration of iron stores 31 (62.0) 45 (90.0) <0.001
Gastrointestinal adverse effects 18 (36.0) 4 (8.0) 0.001
Nausea 11 (22.0) 3 (6.0) 0.021
Constipation 13 (26.0) 1(2.0) <0.001
Abdominal discomfort 9 (18.0) 2 (4.0) 0.025
Headache 5(10.0) 6 (12.0) 0.749
Infusion-related reaction 0 (0.0) 3(6.0) 0.077
Treatment discontinuation due to adverse effects |6 (12.0) 2(4.0) 0.140

Counts are n (%), with N = 50 per group. Recalculate binary-outcome p-values using the prespecified method, considering Fisher exact tests for sparse cells.
Based on reported counts, two-sided Fisher p = 0.092 for overall response and p = 0.091 for anemia correction. Clarify overlap of gastrointestinal symptoms,

treatment discontinuations, and infusion reactions

Overall treatment response was achieved in 42 (84.0%)
oral and 48 (96.0%) intravenous patients (reported p = 0.046;
two-sided Fisher exact p = 0.092 based on 42/50 versus
48/50), while anemia correction occurred in 39 (78.0%) and
46 (92.0%) (reported p = 0.049; two-sided Fisher exact p =
0.091 based on 39/50 versus 46/50), respectively.
Restoration of iron stores was higher with intravenous
therapy (90.0% vs. 62.0%, p<0.001). Gastrointestinal
adverse effects were more common with oral iron (36.0% vs.
8.0%, p = 0.001), particularly nausea (22.0% vs. 6.0%, p =
0.021), constipation (26.0% vs. 2.0%, p<0.001), and
abdominal discomfort (18.0% vs. 4.0%, p = 0.025).
Headache occurred in 10.0% versus 12.0% (p = 0.749),
infusion reactions in 0% versus 6.0% (p = 0.077), and
treatment discontinuation in 12.0% versus 4.0% (p = 0.140).
The counts for hemoglobin increase 22 g/dL (39 and 47) and
anemia correction (39 and 46) describe potentially different
endpoints; the exact definitions and individual
classifications must be confirmed. Gastrointestinal
symptoms may overlap within a participant, and the
composite count should represent unique participants
(VERIFY). The three infusion reactions and eight treatment
discontinuations require documented causes, severity,
management, and inclusion in efficacy analyses (Table 4).
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