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Objectives: To compare mean hemoglobin concentration in chronic kidney 
disease patients with anemia treated with Iron alone and Iron plus oral Ascorbic 
Acid. Methodology: This study was conducted at the Department of Nephrology, 
Allied Hospital, Faisalabad during the period from from 8 January 2025 to 8 May 
2025. A total of 60 patients were randomly assigned to two groups: Group A 
(oral iron only, n=30) and Group B (oral iron + oral ascorbic acid, n=30). 
Hemoglobin concentration was recorded at baseline and after 3 months. 
Subgroup analysis was performed by age, gender, BMI, and CKD etiology. 
Results: Baseline hemoglobin levels were comparable between both groups 
(p=0.427). After 3 months, Group B demonstrated a significantly higher increase 
in hemoglobin (10.96 ± 1.11 g/dL) compared to Group A (9.57 ± 1.06 g/dL), 
(p=<0.001). Stratified analysis showed greater hemoglobin improvement in the 
combination therapy group across all subgroups, especially among younger 
patients, females, and those with glomerulonephritis. Conclusion: The 
combination of oral iron with ascorbic acid is more effective than iron alone in 
improving hemoglobin levels in CKD-associated anemia. This simple, cost- 
effective strategy may be particularly valuable in low-resource settings. 

 
 

 

INTRODUCTION 
Globally, CKD affects about 10% of adults and results in 
millions of early fatalities.¹⁻² Anemia is considered the 
most common complication linked with CKD.³ It plays a 
major role in worsening disease progression, lowering life 
quality, and increasing health risks.⁴ This anemia stems 
from several contributing mechanisms.⁵ Prevalence rates 
rise with CKD progression, reaching 7% to 50% in 
advanced stages.⁶⁻⁷ 
The pathogenesis of anemia in CKD involves multiple 
mechanisms, among which iron deficiency anemia (IDA) is 
most prevalent. It is characterized by diminished 
erythropoiesis due to a lack of available iron. Globally, iron 
deficiency stands as the leading cause of anemia and is 
frequently reversible. WHO guidelines⁸⁻⁹ emphasize its 
treatability, especially in the early stages. A diet rich in iron 
can correct pre-latent deficiency, but advanced IDA 
necessitates oral iron supplementation to restore iron 
stores and correct hematopoiesis. Commonly used agents 
include ferrous sulfate and ferric succinate. Ascorbic acid 
(vitamin C), aside from animal-derived food, is known to 

enhance non-heme iron absorption.¹⁰ In dialysis patients, 
it boosts iron mobilization and heme synthesis by 
facilitating the release of iron from storage.¹¹ 

In a study11 on the role of intravenous iron and ascorbic 
acid for treatment of functional iron deficiency in patients 
under hemodialysis, the baseline Hb was 8.28 ± 0.37 g/dL 
and endpoint Hb level was 9.61 ± 0.41 g/dL after 
intravenous iron, while the baseline Hb level was 7.61 ± 
0.22 g/dL and endpoint Hb was 11.97 ± 0.26 g/dL after 
intravenous iron plus ascorbic acid. 
Anemia in CKD cases is strongly associated with increased 
morbidity and mortality. Therefore, correcting anemia in 
these patients is not only essential for prolonging survival 
but also for significantly improving their quality of life and 
physical activity tolerance. Erythropoietin therapy is a 
cornerstone of treatment; however, it is costly, and higher- 
than-recommended doses are linked with adverse 
outcomes. If ascorbic acid proves to be effective in 
managing renal anemia, it may help enhance treatment 
outcomes  while  reducing  the  required  dose  of 
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erythropoietin, making management both safer and more 
economical. 

 
METHODOLOGY 
The present randomized controlled trial took place at the 
Department of Nephrology, Allied Hospital, Faisalabad, 
spanning from 8 January 2025 to 8 May 2025. following 
ethical clearance from both the Institutional Review Board 
and the College of Physicians and Surgeons Pakistan 
(CPSP). Participants were recruited only after being 
thoroughly informed about the study objectives, potential 
risks, and their rights. Written informed consent was 
obtained from each participant. All collected clinical and 
personal data were kept confidential in accordance with 
ethical research standards. 
A total of 60 patients with CKD and anemia undergoing 
maintenance hemodialysis for more than three months 
were enrolled using non-probability consecutive 
sampling. The sample size was calculated using the WHO 
sample size calculator with a 5% level of significance, 90% 
power, an anticipated mean hemoglobin (Hb) 
concentration of 9.61 ± 0.41 g/dL in the iron-only group 
(Group A), and 11.97 ± 0.26 g/dL in the iron plus ascorbic 
acid group (Group B). Each group included 30 patients. 
Inclusion criteria were adults aged 18 to 70 years of either 
gender, diagnosed with CKD, undergoing hemodialysis for 
more than three months, and having a hemoglobin level of 
less than 10 g/dL. Patients were excluded if they had 
received a kidney transplant, had blood transfusions 
within the past three months, had hyperparathyroidism, 
or had contraindications to erythropoietin or oral ascorbic 
acid. 
Baseline evaluation included detailed history, clinical 
examination, and collection of a 5 mL blood sample to 
assess hemoglobin concentration. Participants were 
randomly assigned to two groups using the lottery 
method. Group A received oral iron therapy alone (ferrous 
succinate 100 mg tablet every 8 hours), while Group B 
received the same iron therapy in combination with oral 
vitamin C (200 mg per dose, i.e., 100 mg tablet every 8 
hours). Both regimens were administered for three 
months. Participants were followed regularly through 
contact numbers provided and were monitored by a 
consultant nephrologist throughout the treatment period. 
The primary outcome was the change in hemoglobin 
concentration (g/dL) from baseline after three months of 
therapy. 
Data entry and statistical analysis were performed using 
SPSS version 25. Continuous variables such as age, body 
weight, height, body mass index, estimated glomerular 
filtration rate, and hemoglobin concentration were 
summarized using mean and standard deviation. 
Categorical variables including gender and etiology of CKD 
(e.g., diabetes mellitus, hypertension, glomerulonephritis) 
were presented as frequencies and percentages. The 
primary comparison of mean hemoglobin levels between 
the two groups was performed using the independent 
sample t-test. Stratification was conducted for effect 
modifiers such as age, gender, BMI, and CKD etiology, 
followed by post-stratification application of the 
independent sample t-test. A p-value ≤ 0.05 was 
considered statistically significant. 

RESULTS 
Table 1 presents the demographic and baseline 
characteristics of the study population, which included 60 
chronic kidney disease (CKD) patients with anemia, 
equally divided into two groups: those treated with iron 
alone and those treated with iron plus ascorbic acid. The 
age distribution showed that 46.7% of patients were aged 
18–40 years, while 53.3% were between 41–70 years, with 
slightly younger patients in the iron-alone group. 
Regarding BMI, 43.3% of patients had a BMI between 18– 
25 kg/m², and 56.7% were in the 26–35 kg/m² category, 
with equal proportions in both groups. The most common 
causes of CKD were diabetes mellitus (33.3%), 
hypertension (33.3%), and glomerulonephritis (33.3%), 
with a fairly balanced distribution across groups. The 
gender distribution showed a slight female predominance 
(51.7%), and the mean age and BMI for the overall sample 
were 43.23 ± 15.59 years and 26.41 ± 4.64 kg/m², 
respectively. 

Table 1 
Demographic and Baseline Characteristics (n = 60)  

Variable Category 
Iron Alone 

(n=30) 

Iron + 
Ascorbic 

Acid (n=30) 

Total 
(n=60) 

Age Group 
18–40 years 16 (53.3%) 12 (40.0%) 28 (46.7%) 

41–70 years 14 (46.7%) 18 (60.0%) 32 (53.3%) 

BMI Group 
18–25 kg/m² 13 (43.3%) 13 (43.3%) 26 (43.3%) 

26–35 kg/m² 17 (56.7%) 17 (56.7%) 34 (56.7%) 
 Diabetes Mellitus 11 (36.7%) 9 (30.0%) 20 (33.3%) 

CKD Cause Hypertension 10 (33.3%) 10 (33.3%) 20 (33.3%) 

Glomerulonephritis 9 (30.0%) 11 (36.7%) 20 (33.3%) 

Gender 
Male 14 (46.7%) 15 (50.0%) 29 (48.3%) 

Female 16 (53.3%) 15 (50.0%) 31 (51.7%) 

Mean ± SD 
Age (years)  43.23 ± 15.59  

BMI (kg/m²)  26.41 ± 4.64  

Table 2 compares the mean hemoglobin (Hb) levels before 
and after treatment between the two study groups. The 
baseline (pre-treatment) Hb levels were similar between 
the iron-alone group (8.32 ± 0.99 g/dL) and the iron plus 
ascorbic acid group (8.11 ± 1.00 g/dL), with no statistically 
significant difference (p = 0.427). However, a marked and 
statistically significant increase in post-treatment Hb 
levels was observed in the ascorbic acid group (10.96 ± 
1.11 g/dL) compared to the iron-alone group (9.57 ± 1.06 
g/dL), with a p-value of less than 0.001, indicating a 
significant therapeutic benefit from the combined 
treatment. 

Table 2 
Comparison of Pre- and Post-Treatment Hemoglobin 
Between Groups  

Variable Group Mean ± SD p-valuea 

Pre Hb (g/dL) 
Iron Alone 8.32 ± 0.99 

0.427 
Iron + Ascorbic Acid 8.11 ± 1.00 

Post Hb (g/dL) 
Iron Alone 9.57 ± 1.06 

<0.001 
Iron + Ascorbic Acid 10.96 ± 1.11 

Table 3 provides a stratified comparison of post-treatment 
hemoglobin levels based on age, gender, and BMI. Among 
patients aged 18–40 years, the iron plus ascorbic acid 
group had significantly higher Hb levels (11.13 ± 1.18 
g/dL) than the iron-alone group (9.88 ± 1.12 g/dL; p = 
0.008). Similarly, in the 41–70 years group, a significant 
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difference was observed (10.85 ± 1.08 vs. 9.22 ± 0.90 g/dL; 
p < 0.001). Male patients also showed a substantial Hb 
increase with combined therapy (11.06 ± 1.09 g/dL vs. 
8.94 ± 0.99 g/dL; p < 0.001), while female patients had a 
more modest yet borderline significant difference (p = 
0.050). Stratification by BMI revealed significantly better 
outcomes in both BMI groups, with higher post-treatment 
Hb levels in the ascorbic acid group for BMI 18–25 kg/m² 
(p = 0.020) and BMI 26–35 kg/m² (p < 0.001). 

Table 3 
Post-Treatment Hb Comparison Stratified by Demographics 

Stratification Subgroup 
Mean Post-Hb 
(Iron Alone) 

Mean Post-Hb 
(Iron + Vit C) 

p- 
value 

 18–40 years 9.88 ± 1.12 11.13 ± 1.18 0.008 
Age Group    

 41–70 years 9.22 ± 0.90 10.85 ± 1.08 <0.001 

 Male 8.94 ± 0.99 11.06 ± 1.09 <0.001 
Gender    

 Female 10.13 ± 0.79 10.86 ± 1.17 0.050 

 18–25 kg/m² 9.57 ± 0.92 10.45 ± 0.87 0.020 
BMI Group     

 26–35 kg/m² 9.58 ± 1.19 11.35 ± 1.14 <0.001 

Table 4 focuses on post-treatment Hb levels stratified by 
underlying CKD etiology. In patients with diabetes 
mellitus, the post-treatment Hb was higher in the ascorbic 
acid group (10.91 ± 1.08 g/dL) compared to the iron-alone 
group (9.94 ± 1.02 g/dL), though the difference narrowly 
missed statistical significance (p = 0.053). For 
hypertensive CKD patients, the combination therapy 
significantly improved Hb levels (p = 0.032). Notably, in 
patients with glomerulonephritis, the increase in 
hemoglobin was highly significant (11.05 ± 1.04 vs. 9.11 ± 
0.85 g/dL; p < 0.001), suggesting a particularly strong 
benefit of adding ascorbic acid in this subgroup. 

Table 4 
Post-Treatment Hb Comparison Stratified by CKD Cause 

CKD Cause 
Mean Post-Hb 
(Iron Alone) 

Mean Post-Hb 
(Iron + Vit C) 

p-value 

Diabetes Mellitus 9.94 ± 1.02 10.91 ± 1.08 0.053 

Hypertension 9.59 ± 1.21 10.91 ± 1.32 0.032 

Glomerulonephritis 9.11 ± 0.85 11.05 ± 1.04 <0.001 

 
DISCUSSION 
This randomized controlled trial aimed to compare the 
efficacy of oral iron supplementation alone versus in 
combination with ascorbic acid in the treatment of anemia 
among non-dialysis chronic kidney disease (CKD) patients. 
The findings demonstrated a statistically significant 
improvement in mean hemoglobin concentration in the 
group receiving iron combined with ascorbic acid, 
compared to the group receiving iron alone. Moreover, this 
beneficial effect of combination therapy was consistently 
observed across various subgroups, including different 
age brackets, genders, body mass index ranges, and 
etiological classifications of CKD. 
Anemia in CKD is typically driven by a combination of 
reduced erythropoietin production, impaired iron 
absorption, functional iron deficiency due to inflammation, 
and elevated hepcidin levels.12 The addition of ascorbic 
acid may overcome some of these barriers by enhancing 
intestinal iron absorption through its reducing properties 
and by mobilizing iron from tissue stores.13 Our findings 

align with this pathophysiological understanding and 
provide clinical evidence supporting its benefit. 
These results are consistent with previous trials, such as 
the one conducted by Qaisar et al14 which showed 
significantly improved hemoglobin levels in CKD patients 
treated with erythropoietin plus ascorbic acid compared 
to erythropoietin alone. Similarly, Al-Za’abi et al15 also 
demonstrated enhanced efficacy when combining ascorbic 
acid with erythropoietin therapy. The benefit of 
combination therapy in our subgroups, especially among 
younger patients and those with glomerulonephritis, 
corresponds with findings by Di Lullo et al16 who reported 
that Ferric Sodium EDTA combined with vitamin C and 
micronutrients improved hematologic outcomes in CKD 
patients unresponsive to standard oral iron. 
Furthermore, Guedes et al17 highlighted patient barriers to 
anemia management in CKD, such as treatment adherence 
and access to intravenous therapies, and advocated for 
patient-friendly oral regimens like the one tested in our 
study. This approach is particularly valuable in low- 
resource settings where intravenous iron and ESAs are 
often unavailable or unaffordable.18 Recent evidence by 
Syed-Ahmed and Narasubramanian underscored the 
contribution of inflammation to iron resistance and 
anemia in CKD, a problem that vitamin C may help mitigate 
via its antioxidant and anti-inflammatory effects.19 Sharma 
et al20 also emphasized the need for safe, scalable 
interventions in CKD anemia care, particularly in 
underserved populations. 
Although the findings of this study are encouraging, 
several limitations must be acknowledged and considered: 
The study duration was relatively short (3 months), 
limiting the evaluation of long-term efficacy and 
sustainability of hemoglobin improvement. Iron indices 
such as serum ferritin, transferrin saturation, and hepcidin 
were not assessed, which restricts understanding of iron 
metabolism dynamics. Gastrointestinal tolerability, 
compliance rates, and quality of life improvements were 
not measured. The study did not evaluate inflammatory 
markers or vitamin C serum levels, which could have 
elucidated mechanistic pathways. The single-center 
design may limit the generalizability of findings to broader 
populations. 
Future studies should incorporate larger, multicenter 
cohorts with longer follow-up to validate the sustained 
benefits of combination therapy. Evaluation of iron indices 
(ferritin, TSAT), inflammatory markers (CRP, IL-6), and 
oxidative stress parameters should be included to better 
understand underlying mechanisms. Randomized trials 
comparing oral iron + vitamin C versus intravenous iron or 
ESAs could help guide clinical decision-making. Patient- 
reported outcomes, including adherence, gastrointestinal 
side effects, and quality of life, should be studied to ensure 
treatment acceptability. Ascorbic acid therapy could be 
explored in earlier CKD stages or in patients with ESA 
hyporesponsiveness. 

 
CONCLUSION 
The addition of oral ascorbic acid to iron therapy 
significantly improved hemoglobin levels in patients with 
anemia associated with CKD. This combination appears to 
be a safe, accessible, and cost-effective alternative to 
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intravenous therapies and may be particularly beneficial 
in resource-limited settings. These findings advocate for 
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