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Background: Cystic fibrosis (CF) is an autosomal recessive multisystem disorder 

frequently complicated by anemia. This study aimed to evaluate the clinical, 

laboratory, radiological, and functional outcomes of oral iron therapy in anemic 

patients with CF. 

Materials and Methods: In this interventional before–after study, 340 patients with 

confirmed CF were screened for anemia. Twenty-two patients met the diagnostic 

criteria for anemia, and 15 completed the study and were included in the final 

analysis. Participants received oral ferrous sulfate at a dose of 4–6 mg/kg/day 

(maximum 150 mg/day) for 6–8 weeks. Demographic characteristics, CBC, iron 

profile, inflammatory markers, pulmonary function tests, sputum culture, high-

resolution computed tomography (HRCT) findings, and Shwachman–Kulczycki 

scores were evaluated before and after treatment. 

Results: The prevalence of anemia among patients with CF was 6.47% (22/340). The 

mean age of participants was 18.8±1.24 years, and 53.3% were male. Hemoglobin 

and hematocrit levels increased significantly following treatment, with the greatest 

improvement observed among patients with combined iron deficiency anemia (IDA) 

and anemia of chronic inflammation (ACI) (p=0.007 and p=0.014, respectively). 

Serum iron levels also increased significantly after treatment (p=0.040). No 

significant changes were observed in pulmonary function indices, sputum culture 

results, or HRCT findings. Physical examination scores within the Shwachman–

Kulczycki assessment improved significantly in the IDA+ACI group (p=0.039). 

Hemoglobin and ferritin levels showed significant direct and inverse correlations 

with the total Shwachman–Kulczycki score, respectively (p=0.003 and p=0.015). 

Conclusion: Short-term oral ferrous sulfate therapy improved hematologic and 

selected clinical outcomes in anemic CF patients without evidence of worsening 

pulmonary infection or respiratory status. Accurate identification of anemia etiology 

and appropriate management may improve patient outcomes, although longer-term 

follow-up studies are warranted. 
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INTRODUCTION 

Cystic fibrosis (CF) is a classic inherited disorder with 

an autosomal recessive pattern caused by a mutation in the 

cystic fibrosis transmembrane conductance regulator 

(CFTR) gene (1-8). The product of this gene in normal 

people is the chloride ion channel, whose lack of function 
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leads to changes in the viscosity, volume, and salt 

concentration of body fluids (9). Previously, life expectancy 

for patients with CF was only a few months, but in recent 

decades, life expectancy of these patients has increased 

dramatically to more than forty years in developed 

countries (8). This improvement is due to the provision of 

well-organized care in multidisciplinary medical centers, 

as well as the use of effective treatments to improve mucus 

secretion, and also the advent of more effective antibiotics 

for the management of infections (10). 

CF affects various organs of the body, including lungs 

(bronchiectasis, hemoptysis, pneumothorax, etc.), pancreas 

(exocrine insufficiency and CF-dependent diabetes 

mellitus), and the liver (reports of cirrhosis and portal 

hypertension), and causes susceptibility to infections (often 

with Staphylococcus aureus and Pseudomonas aeruginosa) 

(11,12). These complications have been discussed and 

studied as the main problems and have always been 

considered, while some problems, such as anemia in these 

patients, are often neglected (13). Previous studies have 

shown a decrease in iron storage (hypoferremia) of 23-

100% of subjects with CF, suggesting that iron deficiency 

may limit erythropoiesis (14). However, accurate 

assessment of iron status in CF is challenging because 

serum ferritin levels and total serum transferrin saturation 

(TSAT) levels are often affected by inflammation. In 

addition, although elevated levels of soluble transferrin 

receptor (sTfR) in CF imply hypoferremic anemia and sTfR 

is not affected by the acute phase of the inflammatory 

response to infection, sTfR cannot differentiate iron 

deficiency from inflammation-induced anemia (15). 

Therefore, no blood test can detect hypoferremia in CF, 

making iron supplementation essential for diagnosing 

anemia in CF patients. 

Iron supplementation is necessary for iron-deficient 

anemic CF patients, but it has several challenges. Bacteria 

in the CF lungs need iron for their growth and have 

developed mechanisms for obtaining human tissues' iron 

(12). Iron enhances the formation of Pseudomonas aeruginosa 

(P.aeruginosa) biofilm, which can be detected even in 

patients' sputum culture (16). In an epithelial co-culture 

model, ΔF508-CFTR increased iron in the airway surface 

fluid and subsequently increased P.aeruginosa biofilm 

growth and antibiotic resistance (17). In addition, new 

vascular changes in the bronchial arteries may lead to 

hemoptysis and even import iron into the airways (18). 

These observations have made the use of iron 

supplementation in patients with CF challenging. 

According to reports of the symptoms of CF pulmonary 

exacerbation (CFPE) in patients after intravenous iron 

injection, it seems that iron supplementation in CF may be 

harmful (8). The complex relationship among iron 

deficiency, inflammation, and respiratory infection in 

cystic fibrosis presents important challenges in the 

evaluation and treatment of anemia. To further clarify 

these issues, clinical, paraclinical, and quality-of-life 

parameters were assessed and compared in anemic CF 

patients before and after treatment of iron deficiency 

anemia.   

 

MATERIALS AND METHODS 

Study Population 

A total of 340 subjects with proven CF (by sweat test or 

genetic test results) over one year of age referred to the 

Pediatric Clinic of the National Research Institute of 

Tuberculosis and Lung Disease (NRITLD) were evaluated. 

22 of these patients were diagnosed with anemia according 

to the latest CBC test (last two months) based on the 

criteria of the World Health Organization (WHO) (19). 

These individuals were called for confirmation and final 

diagnosis of anemia. 

Study setting 

Anemia was defined according to the World Health 

Organization, which is age- and gender-based, and the 

patient was considered anemic if the Hb was lower than 

normal in two distinct CBC tests at least two months apart. 

The distinction between Iron Deficiency Anemia (IDA) and 

Chronic Inflammation Anemia (ACI) was made based on 

criteria proposed by Ganz and Nemeth (20). Patients with a 

history of iron supplementation 10 days before the first 

visit or those who were not anemic were excluded from the 
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study. Among the 340 patients screened, 22 subjects were 

initially identified as having anemia and were invited for 

confirmation and further evaluation. After reassessment, 

anemia was not confirmed in three patients. During 

follow-up, two patients were lost to follow-up, and two 

died before post-treatment evaluation. Therefore, 15 

patients completed the study and were included in the 

final analyses. These patients received oral ferrous sulfate 

at a dose of 4–6 mg/kg/day (maximum 150 mg/day) for 

6–8 weeks. 

Finally, patients were divided into three groups based 

on ferritin levels and response to ferrous sulfate treatment. 

IDA was defined as CF subjects with iron-deficiency 

anemia, based on decreased Hb and ferritin within the 

defined normal range. ACI were anemic CF subjects with 

anemia due to chronic disease with decreased Hb, normal 

or increased ferritin, and inflammatory factors (ESR and 

CRP), without a good response to ferrous sulfate. 

IDA+ACI were anemic CF subjects with normal or 

increased ferritin levels who responded to the initial 

treatment with ferrous sulfate. 

Questionnaire & Shwachman-Kulczycki Scoring 

Using a standard questionnaire designed for 

demographic information (age, sex, height, and weight for 

BMI), CBC, iron status (Iron, TIBC, TSAT, and serum 

ferritin) and also inflammatory parameters (C reactive 

protein: CRP and erythrocyte sedimentation rate: ESR), 

sputum culture results, PFT parameters, HRCT findings 

and Schwachmann-Kulczycki score were collected before 

and after ferrous sulfate administration. The 

Schwachmann-Kulczycki scoring is designed to determine 

the clinical severity of CF patients with the evaluation of 

general activity, physical examinations, nutrition, and X-

ray findings (21).  

Statistical Analyses 

Statistical Package for the Social Sciences (SPSS) v.23 

software was used for statistical analysis of the present 

study. For qualitative variables, cross-tabulation was used. 

For quantitative variables with a normal distribution, the 

mean ± standard deviation (SD) and the One-way ANOVA 

were used to compare groups and evaluate the significance 

level. For quantitative variables without a normal 

distribution, the median and the non-parametric test were 

used. Significance level for p. value (p) was considered less 

than 0.05. 

Ethical Considerations 

The study was approved by the Research Ethics 

Committee of NRITLD, Shahid Beheshti University of 

Medical Sciences, Tehran, Iran 

(IR.SBMU.NRITLD.REC.1399.145). All steps performed in 

this study were conducted in accordance with the terms of 

the Helsinki Convention. Written informed consent was 

obtained from all patients or their legal guardians before 

inclusion in the study. All data were handled 

confidentially, and no personal identifiers were recorded 

or disclosed at any stage of the study. 

 

RESULTS 

Among 22 included CF patients suspected of anemia, 

anemia was not confirmed according to the inclusion 

criteria in three cases; two cases couldn’t participate in 

evaluations after treatment, and two cases had expired. 

Thus, the prevalence of anemia in the referring population 

was equal to 6.47% (22 out of 340 patients with CF), and 

the prevalence of iron deficiency anemia was 2.94% (10 out 

of 340 patients). Anemic CF subjects included in the study 

(n=15) were divided into three groups: IDA (n=2), ACI 

(n=5), and IDA+ACI (n=8). 

Among the 15 included anemic CF patients with a 

mean age of 18.8 (±1.24) years, 53.3% were male (n=8). 

There was no statistically significant difference in terms of 

gender distribution between the three groups of patients 

(p=0.266). 

Increased Hb, HCT, and serum iron levels in CF patients 

with IDA after iron supplementation 

The results of the CBC test of patients did not show a 

significant difference after treatment in patients. However, 

Hb and HCT increased significantly in patients after 

treatment, but this increase in Hb and HCT levels in the 
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IDA+ACI group was observed significantly (p=0.007 and 

0.0014, respectively) (Table 1). 

Serum iron (SI) levels are significantly elevated after 

treatment (p=0.040). This SI elevation in the ACI group 

showed a significant increase after the use of ferrous 

sulfate (p=0.009). For other factors, including TIBC, TSAT, 

and ferritin after treatment with ferrous sulfate, no 

significant difference was reported (Table 2). 

No changes in inflammatory screening tests and sputum 

culture of patients after iron supplementation 

No significant differences were observed before and 

after treatment with ferrous sulfate in terms of serum CRP 

levels and ESR (Table 3). 

Additionally, 10 patients had a history of positive 

sputum cultures for Pseudomonas aeruginosa. Among 

these patients, no significant differences in sputum culture 

results were observed following ferrous sulfate treatment 

(Table 4). 

Administration of ferrous sulfate did not affect patients' PFT 

HRCT of all patients was indicative of bronchiectasis as 

Cylindric in all cases (n=15), Varicoid in 80% (n=12), and 

Cystic in 86.7% (n=13). Also, based on HRCT’s evidence, 

complications including Air Trapping, Mucus Impaction 

and Pre-bronchial Thickening were reported in 33.3% 

(n=5), 73.3% (n=11) and 80% (n=12) of patients, 

respectively. According to these observations of HRCT, 

PFT studies were considered for patients for whom no 

statistically significant differences were observed between 

the groups after treatment with ferrous sulfate (Table 4). 

Significant correlation of the Schwachmann- Kulczycki 

score with Hb and ferritin levels 

Assessment of pulmonary function tests revealed no 

statistically significant changes in spirometric parameters 

following ferrous sulfate treatment in any of the study 

groups. Changes in FEV1, FVC, and FEV1/FVC ratio 

before and after treatment are presented in Table 5. 

Results of the Schwachmann-Kulczycki test showed a 

statistically significant difference in the IDA+ACI group 

for the physical examination after treatment with ferrous 

sulfate (p=0.039) (Table 6). 

There was a significant correlation between increased 

Shwachman–Kulczycki score and increased Hb levels 

(p=0.003) (Table 7). Serum ferritin levels showed a 

significant inverse correlation with the total Shwachman–

Kulczycki score (p=0.015) (Table 7). 

 

Table 1. Factors associated with anemia in the complete blood count 

 

(n=15) IDA ACI IDA+ACI p. value 

WBC 

Before 9.41 (±0.90) 12.63 (±2.09) 10.16 (±1.04) 0.412 
0.934 

After 8.53 (±0.38) 14.98 (±4.53) 11.04 (±0.93) 0.399 

p. value 0.439 0.917 0.344   

RBC 

Before 5.34 (±1.64) 5.25 (±0.72) 4.87 (±0.42) 0.639 
0.388 

After 4.77 (±0.33) 4.82 (±0.45) 4.99 (±0.34) 0.701 

p. value 0.001* 0.111 0.513   

Platelets 

Before 225 (210-240) 389 (172-785) 216.5 (143-493) 0.403 
0.740 

After 208 (150-267) 304 (156-739) 290 (165-506) 0.472 

p. value 1.000 0.754 0.345   

Hb 

Before 12.15 (±0.64) 11.84 (±1.30) 11.46 (±0.85) 0.430 
0.011* 

After 12.75 (±1.20) 12.48 (±1.85) 13.26 (±1.41) 0.005* 

p. value 0.439 0.600 0.007*   

HCT 

Before 40.95 (±1.49) 38.22 (±5.26) 36.13 (±3.26) 0.764 
0.093 

After 41.35 (±3.75) 38.16 (±5.03) 40.86 (±3.48) 0.009* 

p. value 1.000 0.834 0.014*   

WBC: White Blood Cell, RBC: Red Blood Cell, Hb: Hemoglobin, HCT: Hematocrit. 
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Table 2. Factors related to serum iron levels 

 

(n=15) IDA ACI IDA+ACI p. value Total 

SI 

Before 36.30 (±9.70) 35.82 (±2.46) 34.18 (±5.15) 0.965 35.01(±2.94) 

After 49.00 (±17.00) 44.00 (±1.30) 41.86 (±5.45) 0.820 43.64 (±3.26) 

p.value 0.439 0.009* 0.183  0.040* 

TIBC 

Before 228.50 (±16.50) 237.60 (±7.42) 240.00 (±10.02) 0.638 235.5 (±5.77) 

After 259.00 (±63.00) 254.40 (±13.18) 243.50 (±4.46) 0.896 255.89 (±11.33) 

p.value 1.000 0.251 1.000  0.423 

TSAT 

Before 15.65 (±3.15) 14.33 (±0.82) 14.83 (±2.71) 0.591 14.80 (±1.38) 

After - 15.00 (±0.74) 15.48 (±3.33) 0.413 15.82 (±1.51) 

p.value 0.221 0.564 0.670  0.477 

Ferritin 

Before 11.00 (±4.00) 80.60 (±25.82) 47.25 (±8.51) 0.071 53.53 (±10.92) 

After 39.00 (±2.00) 104.80 (±25.07) 65.75 (±10.39) 0.220 73.93 (±11.95) 

p.value 0.121 0.347 0.141  0.062 

SI: Serum Iron, TIBC: Total Iron Binding Capacity, TSAT: Transferrin Saturation. 

 

Table 3. Serum CRP levels and whole blood ESR 

 

 IDA ACI IDA+ACI p. value 

CRP (n=14) 

Before 2.50 (±1.50) 25.67 (±3.67) 24.00 (±7.71) 0.100 0.248 

After 5.50 (±4.50) 26.75 (±6.14) 7.00 (±2.59) 0.028 

p. value 0.683 1.000 0.055   

ESR (n=13) 

Before 41.00 (±16.00) 66.33 (±13.32) 68.00 (±1.87) 0.315 0.280 

After 25.50 (±8.50) 62.75 (±20.48) 48.00 (±16.60) 0.501 

p. value 0.439 0.564 0.495   

CRP: C-Reactive Protein, ESR: Erythrocyte Sedimentation Rate. 

 

Table 4. Sputum culture of patients before and after treatment with ferrous sulfate 

 

Sputum Culture Positive for Before the Treatment (n) After the Treatment (n) p. value 

Pseudomonas 8 7 0.500 

Staphylococcus aureus 5 6 0.500 

Klebsiella spp. 1 1 0.759 

Acinetobacter spp. 2 2 0.701 

Others 3 2 0.500 

 

Table 5. Spirometric test results of patients before and after treatment with ferrous sulfate 

 

(n=15) IDA ACI IDA+ACI p. value 

FEV1  

Before 59.50 (±11.50) 36.20 (±6.63) 47.25 (±8.76) 0.389 
0.649 

After 67.00 (±13.00) 38.75 (±13.52) 49.63 (±7.79) 0.417 

p. value 0.439 0.806 0.752   

FVC 

Before 61.00 (±8.00) 42.00 (±10.19) 46.00 (±7.74) 0.491 
0.824 

After 66.00 (±10.00) 35.75 (±8.98) 50.38 (±7.89) 0.216 

p. value 0.439 0.806 0.636   

FEV1/FVC 

Before 85.50 (±1.50) 76.20 (±9.94) 86.88 (±1.97) 0.966 
0.237 

After 90.50 (±0.50) 75.75 (±15.67) 88.38 (±1.69) 0.711 

p. value 0.121 1.000 0.187   
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Table 6. Shwachman–Kulczycki score components before and after ferrous sulfate treatment 

 

Score IDA ACI IDA+ACI p. value 

GA 

Before 15.00 (±5.00) 15.00 (±2.74) 16.88 (±2.10) 0.802 
0.520 

After 20.00 (±0.00) 12.00 (±3.39) 20.00 (±1.64) 0.163 

p. value 0.317 0.262 0.251   

PE 

Before 17.50 (±2.50) 14.00 (±1.87) 14.38 (±1.48) 0.549 
0.379 

After 20.00 (±0.00) 10.00 (±2.74) 18.13 (±1.31) 0.039* 

p. value 0.317 0.192 0.068   

N 

Before 17.50 (±2.50) 13.00 (±3.00) 13.75 (±2.63) 0.474 
0.948 

After 20.00 (±5.00) 10.00 (±3.87) 16.25 (±2.95) 0.210 

p. value 0.683 0.174 0.616   

XF 

Before 5.00 (±0.00) 7.00 (±2.00) 5.63 (±0.63) 0.756 
0.609 

After 10.00 (±5.00) 7.00 (±2.00) 5.63 (±0.63) 0.433 

p. value 0.317 1.000 1.000   

Total 

Before 55.00 (±5.00) 51.00 (±11.11) 50.63 (±5.70) 0.433 
0.617 

After 70.00 (±10.00) 41.00 (±13.64) 60.00 (±4.63) 0.165 

p. value 0.221 0.109 0.224   

GA: General Activity, PE: Physical Examination, N: Nutrition, XF: X-ray Findings 

 

Table 7. Correlation of factors involved in the diagnosis of anemia with the Schwachmann-Kulczycki score 

 

Score 

Spearman rho Correlation 

Hb Serum Iron Ferritin 

Co-efficiency p. value Co-efficiency p. value Co-efficiency p. value 

GA 0.501** 0.005 0.244 0.203 -0.260 0.165 

PE 0.540** 0.002 0.115 0.553 -0.399* 0.029 

N 0.392* 0.032 0.290 0.127 -.0465* 0.010 

XF 0.355 0.054 0.244 0.202 -0.260 0.165 

Total 0.531** 0.003 0.288 0.130 -0.438* 0.015 

GA: General Activity, PE: Physical Examination, N: Nutrition, XF: X-ray Findings, Hb: Hemoglobin. 

*Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 

 

DISCUSSION 

CF is known as a fatal disease in which multi-organ 

involvement, especially lung involvement, is common. In a 

substantial proportion of adults with CF, severe 

pulmonary involvement characterized by an FEV1 below 

40% predicted remains associated with significantly 

impaired survival compared with patients with preserved 

lung function, although outcomes have improved 

considerably in the era of CFTR modulator therapies (22). 

Liver involvement and pancreatic dysfunction of these 

patients are also considered serious complications leading 

to malabsorption and malnutrition (23,24). Efforts to 

improve the CF patients’ quality of life are promising to 

the extent that today it is no longer considered a  

childhood disease, and more than 40% of patients with CF 

are adults (25). 

Recently, prevention of CF-related complications, 

including diabetes mellitus and malnutrition, has been 

considered to be essential since these complications are 

directly linked to poor lung function and increased 

mortality (24,26). The prevalence of anemia in patients 

with CF is increasing; however, the underlying 

mechanisms and severity of anemia in this population 

remain poorly understood (15). Recent evidence has 

demonstrated that iron deficiency and anemia remain 

common hematologic abnormalities in patients with cystic 

fibrosis despite advances in nutritional support and CFTR 

modulator therapies, highlighting their continued clinical 
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relevance (27). Limited studies have simultaneously 

investigated the role of inflammation and malabsorption/ 

malnutrition as mechanisms involved in anemia of CF 

patients (15). Thus, the relationship between the 

contribution of iron deficiency and inflammation in 

anemia, as well as its relation with other complications of 

the disease, especially respiratory disorders and 

malnutrition, is still in a state of ambiguity (28). 

The predominance of male patients observed in our 

cohort is generally consistent with demographic patterns 

reported in several cystic fibrosis registries and 

epidemiological studies. However, sex distribution in CF 

varies considerably across populations and is not 

considered a major determinant of disease occurrence (29). 

In general, anemia is more prevalent among females than 

males, particularly during the reproductive years, largely 

because of menstrual blood loss, increased iron 

requirements, and pregnancy-related physiological 

demands (30,31). Although no significant difference in sex 

distribution was observed between the study groups 

(p=0.266), recent investigations have suggested that female 

sex may be associated with a higher risk of iron deficiency 

among patients with cystic fibrosis (15). 

No significant changes were observed in the blood cell 

counts measured by the CBC test following treatment 

(Table 1). Of note, in IDA, there is a significant decrease in 

RBC count after treatment with ferrous sulfate compared 

to the count of RBCs before the treatment period, which 

does not seem to be considerable since only two patients 

were in this group. However, Hb and HCT increased 

significantly in patients after treatment, but this increase in 

Hb and HCT levels in IDA+ACI was observed significantly 

as compared to IDA and ACI (p equal to 0.007 and 0.0014, 

respectively) (Table 1). Additionally, the effectiveness of 

ferrous sulfate treatment in improving Hb and HCT in 

IDA+ACI patients was also significant compared to the 

other two groups (p equal to 0.005 and 0.009, respectively) 

(Table 1). These findings support the clinical classification 

of iron deficiency anemia. In fact, accurate assessment of 

the iron status of CF patients is always challenging because 

in CF, an increase in serum ferritin, along with a decrease 

in TSAT levels in the presence of inflammation, leads to 

misconceptions of iron stores in patients (15,27,32,33). 

Thus, differentiation of IDA from chronic anemia using 

blood tests is not easy, and therapeutic iron 

supplementation remains an important practical approach 

for distinguishing functional iron deficiency from 

inflammation-related anemia in selected CF patients. 

Serum iron levels in patients increased significantly 

after treatment (p=0.040), and this increase was noticeable 

in ACI (p=0.009) (Table 2). No significant changes were 

reported for other factors, including TIBC, TSAT, and 

ferritin. It should be noted that serum ferritin levels 

showed a significant increase in patients after treatment 

with ferrous sulfate (p=0.062). Despite the need for iron 

supplementation to differentiate IDA and ACI in CF 

anemic patients, there are theoretical concerns about iron 

administration in these patients (9). In this regard, previous 

studies have shown that bacteria in the lungs of CF need 

iron to grow and have specific mechanisms for obtaining 

the iron (34,35). Iron increases the biofilm formation of 

P.aeruginosa and can be detected in CF patients' sputum 

(9,36). However, in the present study, no significant 

differences were observed before and after treatment with 

ferrous sulfate in terms of ESR and serum CRP (as 

screening tools for inflammation) (Table 3). Conversely, the 

level of serum CRP after treatment with ferrous sulfate 

showed a noticeable decrease in IDA+ACI, although this 

change was not statistically significant (p=0.055). In 

addition, no significant changes were reported for sputum 

culture of patients after ferrous sulfate administration 

(Table 4). These findings are also in agreement with the 

randomized placebo-controlled trial of Gifford et al., which 

demonstrated that oral ferrous sulfate improved iron 

indices without significant changes in sputum iron content, 

pulmonary exacerbation scores, or sputum microbiome 

composition (37). 

In this study, daily administration of 325 mg of ferrous 

sulfate increased serum iron and TSAT, but did not affect 

sputum iron and microbiome, as well as the pulmonary 
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exacerbation score of these patients. In addition, a research 

study reported no significant differences between iron-

deficient and iron-replete CF patients for positive sputum 

culture of common pathogens (8).  

It is important to note that previous experimental and 

clinical studies have raised concerns regarding the 

potential of iron administration to increase susceptibility to 

infections, particularly in conditions characterized by 

chronic bacterial colonization such as cystic fibrosis (38,39). 

Firstly, the way of iron administration, which, if given 

orally, increases hepcidin levels, thus reducing the 

intestinal iron uptake and iron sequestration of the 

reticuloendothelial system. This is actually a protective 

mechanism against infectious agents resulting from the 

iron dependency of human pathogens (40,41). In addition, 

hepcidin is a hormone-like antimicrobial peptide 

synthesized by the liver that is a “master regulator” of iron 

metabolism (20). While intravenous iron administration 

can increase the iron content of the lungs, thus increasing 

the susceptibility to infection by suppressing iron 

inhibition mechanisms (39). Secondly, the applied changes 

in treatment protocols to improve standard treatment over 

time affected the results of studies. At the forefront of these 

changes is the recent emphasis on the need for intravenous 

antibiotics to improve blood Hb levels (10,11). In fact, 

improving serum iron levels alone is not enough for the 

improvement of Hb levels of anemic CF patients. In this 

regard, improved control of inflammation caused by 

infections using recent protocols also reduces interleukin-6 

(IL-6) levels in these patients. This inflammatory cytokine, 

which inhibits the maturation of erythropoietin-dependent 

erythroid cells, is increased in CF patients, thus restricting 

Hb synthesis (20,41). Decreased IL-6 following recent 

improved therapies may also be a cause of Hb levels’ 

improvement in CF patients in most recent studies, 

including the present study (42-44). 

HRCT findings were indicative of bronchiectasis for all 

included patients, but there were no statistically significant 

differences in PFT results after treatment with ferrous 

sulfate (Table 4). Previous studies have demonstrated that 

anemia and impaired iron status in patients with CF are 

associated with poorer pulmonary function and lower 

spirometric indices compared with patients without 

anemia (15,27). Recent studies have also reported an 

association between iron deficiency and reduced FEV1 

values in patients with cystic fibrosis (10,27). The 

difference in PFT results is probably due to the selected 

groups of patients. In fact, those studies were done 

comparing CF patients without IDA as the control, 

whereas the control group was anemic CF patients after 

treatment with ferrous sulfate, in the present study. 

Performed tests (including CBC, etc.) are not helpful 

independently in the CF patient's management and should 

be combined with the results of clinical examinations and 

radiology results (45). Many advances in the clinical field 

are due to scoring systems such as the Shwachman & 

Kulczycki scoring of CF subjects, which rely on assessing 

disease progression through continuous examinations (46). 

Clinical examination is always based on the observations 

of the clinician, to whom the patient refers regularly 

(43,45). Previous studies have demonstrated that 

longitudinal clinical scoring systems and structured 

outcome measures are valuable tools for assessing disease 

severity, monitoring progression, and evaluating treatment 

response in patients with cystic fibrosis (45,47). The 

Shwachman-Kulczycki score is one of the earliest clinical 

scoring systems developed for longitudinal assessment of 

disease severity in patients with cystic fibrosis and has 

contributed substantially to the evolution of CF outcome 

assessment (21,48). The results of the current study only 

showed statistical improvement in PE of Schwachmann-

Kulczycki score after treatment with ferrous sulfate 

(p=0.039) (Table 5). In fact, the Schwachmann-Kulczycki 

score showed that despite the insignificant changes in PFT, 

treatment with ferrous sulfate improved clinical symptoms 

of IDA+ACI patients. Serum iron levels did not show 

correlation with the Schwachmann-Kulczycki score in this 

study (p=0.130) (Table 7). Similarly, previous studies have 

reported inconsistent associations between serum ferritin 

concentrations and clinical severity indices in patients with 
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cystic fibrosis (9,15). Reliance on serum ferritin alone may 

be insufficient for the assessment of iron deficiency in CF 

because ferritin is strongly influenced by chronic 

inflammation and may not accurately reflect functional 

iron availability (15,41). In contrast, in the present study, a 

significant correlation was seen between the increase in the 

Schwachmann-Kulczycki score and the increased Hb levels 

(p=0.003) (Table 7). It is possible that the observed 

improvement in Hb levels contributed to better clinical 

status in these patients (15,44). 

Study limitations 

The relatively small sample size, particularly in some 

subgroups, may have reduced the statistical power of the 

analyses. In addition, biomarkers such as folate, vitamin 

B12, soluble transferrin receptor (sTfR), and hepcidin were 

not assessed, which might have provided a more 

comprehensive evaluation of anemia. Finally, loss to 

follow-up in a subset of patients reduced the number of 

participants available for post-treatment assessment. 

   

CONCLUSION 

Anemia in patients with cystic fibrosis is likely 

attributable to both iron deficiency and chronic 

inflammation. In the present study, short-term oral ferrous 

sulfate supplementation was associated with significant 

improvements in hemoglobin, hematocrit, and serum iron 

levels. Improvement in the physical examination 

component of the Shwachman–Kulczycki score was 

observed in patients with combined iron deficiency anemia 

and anemia of chronic inflammation. Importantly, no 

evidence of worsening pulmonary infection, pulmonary 

function, or radiologic findings was observed following 

treatment. These findings highlight the importance of 

accurate identification of anemia etiology and appropriate 

management in patients with CF. Nevertheless, larger 

studies with longer follow-up periods are needed to 

further evaluate the long-term safety and efficacy of iron 

supplementation and to investigate additional biomarkers 

of iron metabolism, including soluble transferrin receptor 

and hepcidin. 
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