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Background: The application of ferric citrate therapy has yielded unexpected benefits in recent years for Chronic kidney disease patients suffering from hyperphosphatemia and iron deficiency -anaemia. Despite this, earlier research on the impact of ferric citrate on NDD-CKD has been contentious.
Objective: The goal of the meta-analysis is to evaluate the evidence regarding the advantages and dangers of ferric citrate for the treatment of hyperphosphatemia and iron deficiency anaemia in NDD-CKD patients.
Methods: Between the start of the study and June 2022, we searched PubMed, Embase, Cochrane, EBSCO, Scopus, Web of Science, Wan Fang Data, CNKI, and VIP databases for randomised controlled trials of iron citrate for hyperphosphatemia and anaemia in patients with NDD-CKD. For binary categorical data, risk ratios (OR) were employed, and for continuous variables, weighted mean differences The effect sizes for both count and measurement data were expressed using 95% confidence intervals
Results: The meta-analysis includes eight trials with a total of 1281 NDD-CKD patients. The phosphorus-lowering effect of ferric citrate was greater compared to the control group (WMD, −0.55, 95% CI, −0.81 to −0.28; I2 = 86%, p < 0.001). Calcium (WMD, 0.092; 95% CI, −0.051 to 0.234; p > 0.05; I2 = 61.9%), PTH (WMD, −0.10; 95% CI, −0.44 to 0.23; I2 = 75%, p > 0.05) and iFGF23 (WMD, −7.62; 95% CI, −21.18 to 5.94; I2 = 20%, p > 0.05) levels were not statistically different after ferric citrate treatment compared to control treatment. Furthermore, ferric citrate increased iron reserves and haemoglobin. The ferric citrate group had considerably greater levels than the controls. Ferric citrate, on the other hand, may raise the risk of constipation, diarrhoea, and nausea.
Conclusion: This meta-analysis found that ferric citrate had a beneficial effect in the treatment of NDD-CKD, particularly in reducing blood phosphorus levels when compared to a control intervention. It also shown that ferric citrate has a favourable effect on iron intake and anaemia management. In terms of safety, ferric citrate may increase the likelihood of gastrointestinal side effects.
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INTRODUCTION
Chronic kidney disease (CKD) is recognised as a major public health concern worldwide (Beng-Ongey et al., 2022). The global prevalence of CKD is estimated to be 13.4%, and while more than 5.9 million individuals require dialysis or functional kidney transplantation to stay alive, the great majority of CKD patients do not (Coresh et al., 2017). The most prevalent consequences in CKD patients are hyperphosphatemia and iron deficiency anaemia, both of which are independent risk factors for cardiovascular disease (Adejumo et al., 2015). In patients with CKD, the increasing reduction in glomerular filtration rate causes disruptions in calcium and phosphorus homeostasis, as well as reduced renal phosphorus excretion, which raises blood phosphorus levels (Khairallah et al., 2017). Dystrophic calcification, secondary hyperparathyroidism, and other mineral metabolism problems are also caused by hyperphosphatemia (Nakagawa and Komaba, 2018). Further research indicates that elevated phosphorus levels in early CKD increase the risk of anaemia (Tran et al., 2016). Anaemia causes decreased tissue oxygenation and aberrant cardiac compensatory mechanisms, which results in left ventricular hypertrophy and heart failure (Xu et al., 2017).
There are numerous commercially available phosphate binders used in CKD patients, but each has certain potential drawbacks (Nastou et al., 2014). Although effective, the calcium phosphate binders calcium acetate and calcium carbonate can cause vascular calcification (Cernaro et al., 2016). Furthermore, non-calcium phosphate binders are safer, but gastrointestinal issues and greater drug load are still clinical concerns (Wu-Wong et al., 2014). In terms of efficacy, safety, and cost, these medications are not comparable. Novel iron-containing phosphate binders may not only be useful in treating hyperphosphatemia, but they may also reduce the demand for intravenous iron and erythropoiesis-stimulating drugs in anaemia therapy for NDD-CKD patients (Nakanishi et al., 2016). New iron-containing phosphate binders (e.g., ferric citrate) may offer surprising benefits in terms of iron reserve replenishment and hyperphosphatemia improvement. Functioning as a phosphate binder, Ferric citrate dissociates iron ions in the gastrointestinal system. Insoluble iron phosphate is formed when these ions react with dietary phosphorus (Pai et al., 2016). Dietary phosphate is expelled rather than absorbed when this new molecule is excreted in the faeces (Erem and Razzaque, 2018). Iron salts diminish net intestinal phosphate absorption in rats, according to metabolic studies (Nakanishi et al., 2016). Not all iron ions dissociated from ferric citrate attach to phosphate as a source of elemental iron. The intestinal mucosa reduces some of them to ferrous iron via ferric reductase (Scheers et al., 2018). The iron becomes retained in the duodenum and is effectively reabsorbed into the systemic circulation, replenishing iron reserves as needed. Ferric citrate is an excellent treatment for hyperphosphatemia and iron insufficiency in NDD-CKD (Francis et al., 2019).
Ferric citrate as a phosphate binder with meals has been proven by studies to be efficient in lowering FGF23 and boosting iron parameters in NDD-CKD (Ogata et al., 2022). Despite ferric citrate’s capacity to bind phosphate in the gastrointestinal system, evidence for therapeutic applicability is lacking. The recently updated Kidney Disease Improving Global Outcomes (KDIGO) guidelines emphasise that lowering serum phosphate with ferric citrate improves the prognosis of CKD patients, but there are not enough clinical trials with NDD-CKD patients, raising concerns about whether ferric citrate is effective and safe in this population (Inker et al., 2014; Bazeley and Wish, 2022). Ferric citrate was approved as a phosphorus-reducing medication for dialysis patients with CKD by the US Food and Drug Administration (FDA) in 2014 (Shah et al., 2015). Ferric citrate was authorised as an alternate therapy for iron deficiency anaemia in individuals with NDD-CKD in 2017 (Fishbane et al., 2017). However, because ferric citrate is a new medicine, post-marketing monitoring studies have yet to confirm its therapeutic effectiveness and safety in patients with NDD-CKD (Inker et al., 2014).
Although the effectiveness and safety of ferric citrate have been thoroughly reviewed and meta-analysed, the majority of studies have only included CKD patients on dialysis. The best management approach for NDD-CKD serum phosphate retention and iron-deficient anaemia is unknown. As a result, the goal of this meta-analysis was to evaluate data from trials on ferric citrate’s ability to reduce blood phosphorus, iron intake, anaemia therapy, and adverse medication events in order to give doctors recommendations on ferric citrate usage in NDD-CKD patients.
MATERIALS AND METHODS
Literature search
For publishing systematic reviews and meta-analyses, we followed the PRISMA declaration and the Cochrane Handbook criteria. PubMed, Scopus, Cochrane, EBSCO, Embase, Web of Science, the Chinese National Knowledge Infrastructure, Wan Fang Data, and the VIP Chinese Journal Service platform were among the search databases used. The deadline for doing a literature search is June 2022. Our search strategy includes the keywords “Chronic Kidney Disease” or “Kidney Insufficiencies, Chronic” or “Chronic Renal Insufficiencies” or “Renal Disease, Chronic” combined with “Ferric Citrate” or “JTT-751″or “Iron (III) Citrate” or “Ferric Citrate Hydrate” or “Ferric Citrate Anhydrous” or “Ferric-Citric Acid”. We used the terms “all fields,” “titles,” and “keywords” to search PubMed and other databases.
Eligibility criteria
Types of participants
(1) If the study was a randomised controlled trial, it qualified for inclusion. (2) Patients with CKD who are not on dialysis. (3) Hyperphosphatemia (or) iron insufficiency (or both). (4) Participants were followed for at least 12 weeks after randomisation.
Intervention measures
The placebo, no study medicine, normal care, or alternative therapy for iron deficient anaemia was given to the control group. The ferric citrate therapy was given to the experimental group.
Outcomes
The major result measured was the difference in biochemical markers such as serum phosphate, haemoglobin, ferritin, and transferrin saturation (TSAT) across groups. Differences in calcium, parathyroid hormone (PTH), intact fibroblast growth factor 23 (iFGF23), and unpleasant effects (constipation, diarrhoea, stomach discomfort, nausea, and stool discolouration) were also investigated as secondary outcomes.
Exclusion criteria
Any study that satisfies the following criteria must be excluded from meta-analyses: (1) Literature with insufficient data reporting. (2) Studies with inadequate data to allow for interpretation of findings. (3) Non-ferric citrate treated or dialysis CKD patients are included in the literature. (4) Reviews, in vitro research, case reports, conference papers, and animal trial studies.
Data extraction and management
Two researchers who independently researched the literature collected and cross-checked the data. If conflicts arose during the screening of the literature, they should be addressed through discussion or negotiation with a third reviewer. All included literature was classified and analysed using office software, including research author, publication year, study design, control drug, drug dose, follow-up period, patient numbers, patient gender, CKD stage, blood phosphorus, and iron levels at baseline. If any information is missing from the study, the original author is contacted by phone or email.
Literature quality assessment
The risk of bias in the collected literature was evaluated using the procedures outlined in the Cochrane Handbook for Systematic Reviews of Interventions 5.1.0. The randomisation process, the allocation concealment design, the blinding methods utilised, the reporting of research results, the existence of additional sources of bias, and any selective reporting of research results are among the contents evaluated. The findings are as follows: “Yes” means accurate methodology or complete data, suggesting a low risk of bias; “unclear” means a medium risk of bias; and “No” means erroneous methodology or incomplete data, indicating a high risk of prejudice. Finally, data was imported into Revman 5.4 software, and the risk of bias assessment plots were exported.
Statistical analysis
Data analysis was carried out using the Revman 5.3 programme. In the meta-analysis, we estimated the combined relative risk (RR) for categorical variables. We estimated the mean difference (MD) for continuous variables. The 95% confidence intervals (CI) were used to express the data impacts. The I2 index was used to measure statistical heterogeneity, with low heterogeneity defined as I2 < 50%. Furthermore, to confirm that dosage considerations did not alter the substance treatment effect, we ran further subgroup analyses based on different medication doses (≥5 g, <5 g). If there was evidence that a study differed significantly from other studies in terms of methodology or findings, sensitivity analyses were then carried out exclude these studies from the meta-analysis. Egger’s quantitative test of p > 0.05 was considered statistically significant to assess for existing publication bias. To establish whether there was any asymmetry, funnel plots were used to undertake a qualitative evaluation. Making funnel plots with “STATA” (version 14) software.
RESULTS
Search results
The search strategy is mostly demonstrated in Supplementary Material S1. The PRISMA checklist may be found in Supplementary Material S2. Figure 1 depicts the meta-analysis study selection diagram. The original database search yielded 922 citations (PubMed: 111; Web of Science: 136; Scopus: 103; Cochrane: 72; EBSCO: 202; Embase: 240; CNKI: 52; Wan fang Data: 5; VIP Chinese Journal Service Platform: 1), 547 of which were removed from the duplicate option. The remaining 375 trials were subjected to further title and abstract screening. The 302 articles were rejected for the following reasons. The remaining 73 trials’ full texts were checked again, and a total of 8 studies are appropriate for statistical analysis.
[image: Figure 1]FIGURE 1 | Flow chart of the study selection process.
Study characteristics and quality assessment
The features of the eligible studies are described in Table 1. There were 1,281 individuals with NDD-CKD in eight studies (sample size range: 23–234 patients; follow-up range: 12–36 weeks). There were eight controlled studies, six of which were double-blind and two of which were open-label. The majority of these investigations took place in three countries: China, Japan, and the United States. The control group was given ferrous sulphate treatment, normal care, placebo therapy, or no treatment at all. There were no significant variations in baseline information between the experimental and control groups in terms of patient inclusion criteria.
TABLE 1 | Characteristics of included studies.
[image: Table 1]Figures 2, 3 illustrate the risk of bias assessment. In addition, blinding of participants and investigators to the assigned intervention was reported to be low in 63% (5/8) of trials, while outcome assessor blinding was reported to be low in 88% (7/8) of trials. Reasons and figures for withdrawal and abandonment were mentioned in each article. The majority of the studies were based on low-bias analysis.
[image: Figure 2]FIGURE 2 | Risk of bias graph.
[image: Figure 3]FIGURE 3 | Risk of bias summary.
Meta-analysis results
The variations of phosphorus, calcium, PTH, and iFGF23 levels in serum
Ferric citrate substantially lowered blood phosphate levels compared to placebo and usual care in five (Yokoyama et al., 2014; Block et al., 2015; Chertow et al., 2017; Fishbane et al., 2017; Block et al., 2019) investigations (WMD, −0.55, 95% CI, −0.81 to −0.28; I2 = 86%, p < 0.001; Figure 4A). Because the results were highly heterogeneous, a random effects model was employed. Individual study order sensitivity analysis demonstrated no discernible influence on total combined WMD, supporting the validity and plausibility of combined WMD. Five trials (Yokoyama et al., 2014; Block et al., 2015; Fishbane et al., 2017; Block et al., 2019) found no significant impact of iron citrate on blood calcium concentrations compared to placebo or usual care (WMD, 0.25; 95% CI, −0.04 to 0.46; I2 = 64%, p > 0.05; Figure 4B). PTH outcomes were reported in five studies (Yokoyama et al., 2014; Block et al., 2015; Fishbane et al., 2017; Block et al., 2019), and meta-analysis revealed no statistically significant differences between the control (placebo or usual care) and ferric citrate groups, indicating that ferric citrate did not cause changes in PTH levels (WMD, −0.10; 95% CI, −0.44 to 0.23; I2 = 75%, p > 0.05; Figure 4C). The random effects model was adopted in this investigation because of the considerable heterogeneity. A meta-analysis of four investigations on iFGF23 (Yokoyama et al., 2014; Block et al., 2015; Fishbane et al., 2017; Block et al., 2019) found no significant difference between treatment and control groups, indicating that the impact of ferric citrate on iFGF23 was uncertain (WMD, −7.62; 95% CI, −21.18 to 5.94; I2 = 20%, p > 0.05; Figure 4D). None of the measures showed significant changes throughout the dosage subgroup analysis, confirming the robustness of our findings (Figure 5).
[image: Figure 4]FIGURE 4 | Forest plot of the correlation between hyperphosphatemia and ferric citrate in NDD-CKD patients: (A) Changes in serum phosphorus; (B) Changes in serum calcium; (C) Changes in PTH; (D) Changes in iFGF23.
[image: Figure 5]FIGURE 5 | Subgroup analysis of daily doses of ferric citrate.
Anaemia and iron laboratory parameters affected by ferric citrate
We evaluated the effect of ferric citrate on additional lab findings, including iron, haemoglobin, ferritin, and TSAT, to study the potential advantages of ferric citrate in treating iron-deficient anaemia in NDD-CKD patients. Three studies (Yokoyama et al., 2014; Block et al., 2015; Iguchi et al., 2018) found that post-treatment iron levels in NDD-CKD patients were significantly higher in the ferric citrate group than in the control group (WMD, 26.13; 95% confidence interval, 18.15 to 34.10; I2 = 6%, p < 0.001; Figure 6A). Seven studies (Yokoyama et al., 2014; Block et al., 2015; Chertow et al., 2017; Fishbane et al., 2017; Iguchi et al., 2018; Block et al., 2019; Lin et al., 2021) reported haemoglobin alterations and the meta-analysis revealed that all patients in the ferric citrate therapy group had substantially higher haemoglobin levels than control patients (WMD, 0.69; 95% CI, 0.55 to 0.83; I2 = 45%, p < 0.001; Figure 6B). In the ferritin and TSAT meta-analysis, ferric citrate was effective in increasing serum ferritin and TSAT levels (WMD, 98.41; 95% CI, 87.37 to 109.46; I2 = 6%, p < 0.001; Figure 6C), (WMD, 15.05; 95% CI, 13.77 to 16.32; I2 = 45%, P 0.001; Figure 6D). Laboratory measures of anaemia and iron showed no change in the dose subgroup analyses, indicating reliable results. (Figure 5).
[image: Figure 6]FIGURE 6 | Forest plot of the correlation between iron deficiency anaemia and ferric citrate in NDD-CKD patients: (A) Changes in iron; (B) Changes in haemoglobin; (C) Changes in ferritin; (D) Changes in TSAT.
Adverse event of ferric citrate
Five (Yokoyama et al., 2014; Block et al., 2015; Chertow et al., 2017; Fishbane et al., 2017; Womack et al., 2020) studies, including 910 NDD-CKD patients, found harmful effects of ferric citrate. For each category of adverse event, we summarise the findings of our risk analysis (Figure 7). Diarrhoea, constipation, nausea, stomach pain, and discomfort were the most prevalent side effects. According to the pooled risk analysis, patients who received ferric citrate had a considerably increased probability of developing diarrhoea, nausea, and stomach discomfort than patients in the comparison group, with RRs of (RR, 1.83; 95% CI, 1.3 4 to 2.52; I2 = 4%, p < 0.001), (RR, 1.89; 95% CI, 1.71 to 3.07; I2 = 0%, p = 0.01) and (RR, 2.95; 95% CI, 1.18 to 7.38; I2 = 0%, p = 0.02).
[image: Figure 7]FIGURE 7 | The forest plot shows adverse event.
Publication bias
A funnel plot was created to examine publication bias for the indicators with the most included papers. Ferritin levels in NDD-CKD patients revealed a clear symmetric funnel plot (Figure 8). Egger’s findings imply that the study bias was small (p = 0.57).
[image: Figure 8]FIGURE 8 | Funnel plot of ferritin.
DISCUSSION
The efficiency of ferric citrate in managing key laboratory measures of hyperphosphatemia in NDD-CKD patients was studied in this meta-analysis. To investigate the effect of ferric citrate on iron replenishment and anaemia alleviation, data on iron-anaemia profiles, including haemoglobin levels and iron reserves, were also obtained. The safety of ferric citrate was investigated more thoroughly by summarising adverse occurrences associated with it. In this comprehensive review and meta-analysis, ferric citrate was shown to be more effective than placebo or standard therapy at controlling phosphorus levels in patients with NDD-CKD. Other biochemical indicators of blood calcium and mineral metabolism (e.g., PTH and iFGF23) were not affected by ferric citrate. The study also discovered that ferric citrate is helpful in replenishing iron reserves and partially correcting anaemia. Further research discovered that ferric citrate therapy dramatically boosted iron stores, haemoglobin, ferritin, and TSAT levels. In terms of safety, we discovered that using ferric citrate marginally raised the likelihood of gastrointestinal side effects.
Patients with CKD are more likely to have various problems when their renal function deteriorates (Baluarte, 2017). Because the kidneys play an important role in excreting phosphorus and maintaining homeostasis, hyperphosphatemia is a risk factor for cardiovascular disease and death. Abnormal phosphorus levels in the blood alter serum electrolyte concentrations as well as PTH balance, resulting in bone remodelling problems and vascular calcification (Wang et al., 2015). Our systematic review found that ferric citrate was better than placebo or conventional standard therapy in lowering blood phosphorus levels in NDD-CKD patients, which is consistent with a previous meta-analysis (Choi et al., 2021). Ferric citrate was initially authorised for lowering blood phosphorus levels in CKD patients (Lewis et al., 2015). However, therapeutic effects for treating hyperphosphatemia in NDD-CKD patients are largely unknown. To reduce blood phosphorus levels, KDIGO clinical recommendations now advocate reducing phosphate intake in the diet and utilising phosphorus-lowering medicines to minimise intestinal absorption of phosphorus (Dhillon-Jhattu and Sprague, 2018). However, because many patients are already on nutritionally restricted diets, it may be difficult for them to lower their dietary phosphate consumption. Phosphate binders are considered the first-line treatment for hyperphosphatemia in these individuals. Insoluble iron phosphate is formed when iron ions in ferric citrate complexes bond to ingested phosphorus. Dietary phosphate is excreted rather than absorbed by excreting this new compound (Dhillon-Jhattu and Sprague, 2018). As a result, ferric citrate is efficient in inhibiting dietary phosphate absorption into the body’s circulation.
The study’s findings revealed no statistically significant change in blood calcium levels between the ferric citrate and control groups. The ferric citrate group showed an increasing tendency in calcium alterations, but the results were not statistically significant. None of the included trials reported any occurrences of hypercalcemia linked with iron citrate. According to certain research, ferric citrate may also enhance intestine-free calcium utilisation and produce calcium homeostasis abnormalities (Negri and Ureña Torres, 2015). Although newer calcium-free treatments, such as sevelamer, are efficacious and have a low incidence of hypercalcemia, their high cost, pill load, and gastrointestinal side effects might cause patient compliance issues (Palmer et al., 2016; Schumacher et al., 2019). As a result, finding a safe, effective, and low-cost phosphate binder for chronic renal disease patients with hyperphosphatemia would be advantageous. Second, except for better biochemical results in serum phosphate levels, our meta-analysis in an NDD-CKD population found no documented advantage of ferric citrate on PTH and iFGF23. The findings of this meta-analysis contradict earlier research suggesting that ferric citrate therapy decreases iFGF23 levels over time (Choi et al., 2021). However, the current study’s lack of conclusive statistical significance might be ascribed to the small patient sample size or the study’s unusually short length. As a result, there was no statistically significant difference between the treatment and control groups. Given that the majority of studies endure between three and 9 months, it may take many years to see any possible benefit in terms of persistent declines in PTH or iFGF23. The potential advantages of clinical outcomes must be evaluated in a two to 3-year randomised controlled study.
There was substantial variation between trials examining changes in serum phosphorus, calcium, PTH, and iFCG23 levels following therapy. As a result, a random effects model was adopted to evaluate mixed effects. For outcomes with a significant degree of heterogeneity, sensitivity analysis was carried out. Significant heterogeneity may be connected with the registered patients’ varied baseline characteristics. The age distribution of the patients participating in this study, for example, was diverse, with the majority of them being middle-aged individuals. Furthermore, individuals with NDD-CKD at various phases, such as intermediate and end-stage renal disease, were included.
Iron deficiency anaemia is a typical consequence of CKD that develops over time as the illness progresses. Anaemia in CKD patients is exacerbated by iron shortage, iron malabsorption, uneven iron distribution, and decreased red blood cell lifetime owing to uraemia (Rivera et al., 2017; Batchelor et al., 2020). Because there is a dearth of evidence for treating NDD-CKD patients compared to CKD patients on dialysis, this patient population has clinical challenges in terms of anaemia management. KDIGO guidelines recommend that for NDD-CKD patients who require iron supplementation, the route of iron administration be chosen based on the severity of the iron deficiency, the availability of intravenous access, the side effects of oral or intravenous iron therapy, patient compliance, and cost (Rivera et al., 2017). As a result, healthcare practitioners are reconsidering oral iron treatment, particularly for those with NDD-CKD. According to one recent study, one-third of patients received ferrous sulphate orally, although ferric citrate absorbs elemental iron three to four times better than ferrous sulphate (Cirillo et al., 2021). Several studies show that ferric citrate is poorly absorbed in the gastrointestinal system, although citrate in the intestinal lumen partially increases iron absorption and has enough iron supplementation action to considerably reduce ESA usage in NDD-CKD patients (Negri and Ureña Torres, 2015; Yagil et al., 2015). Our findings are consistent with previous research on dialysis CKD patients. According to the findings of this meta-analysis, ferric citrate increased iron consumption as well as haemoglobin, ferritin, and TSAT levels. Notably, recent research on phosphorus homeostasis molecular processes shows a link between hyperphosphatemia and iron insufficiency via the regulating hormone iFGF23. In NDD-CKD patients, ferric citrate taken with meals lowered iFGF23 while increasing iron parameters (Iida et al., 2020). Although the current investigation found that iron citrate had no effect on iFGF23, its efficacy in treating iron deficiency and reducing blood phosphorus levels in NDD-CKD patients is undeniable.
The meta-analysis discovered no major or unexpected safety risks. In comparison to the control group, ferric citrate induced more adverse effects, including constipation, diarrhoea, nausea, faecal discolouration, stomach pain, and abdominal discomfort. Biruete et al. (Biruete et al., 2020) further confirm that non-calcium-based phosphate binders are mostly associated with gastrointestinal side effects. Fortunately, extensive research has indicated that patients managed diarrhoea, stomach pain, and discomfort well. This issue was also temporary and was not disruptive to treatment. Furthermore, Yokoyama et al. (Yokoyama et al., 2014) discovered a dose-dependent incidence of diarrhoea with ferric citrate therapy. Patients receiving 6 g per day showed a rather high incidence, whereas those receiving 1.5 and 3 g had an incidence comparable to the placebo group. Notably, the frequency of all gastrointestinal adverse effects reduced with time despite higher ferric citrate dosages. Patients should also be reminded that alterations in faecal features should be reviewed with their healthcare practitioner after they have had therapy to prevent disguising other gastrointestinal disorders (for example, black stools or blood in the stool).
Serious side effects such as infection and hospitalisation were not recorded in the included trials. Based on the findings of the current investigation, iron citrate appears to be a viable therapy for hyperphosphatemia and iron-deficient anaemia in individuals with NDD-CKD. Furthermore, ferric citrate has the potential to lower medication prices and burdens. The drug’s effectiveness is unaffected by gastrointestinal tract pH or the concurrent administration of antacids or H2 receptor antagonists (Segregur et al., 2019). There is, however, no compelling scientific evidence that phosphate management improves patient clinical outcomes, including all-cause mortality and cardiovascular issues. Several prospective studies are now registered on ClinicalTrials.gov to investigate the function of phosphate binding in enhancing clinical outcomes. To fully analyse the advantages and dangers of this medication therapy, we urge future studies on the long-term efficacy and influence of ferric citrate on clinical outcomes, such as secondary complication prevention, drug burden reduction, safety, and cost savings (Wu et al., 2017).
Limitation
This study has a few limitations: The trials employed a variety of pharmacological dosages and treatment durations, and the research follow-up periods were often brief. Second, a substantial degree of heterogeneity was discovered in some outcomes. Individual studies gradually raised the ferric citrate dosage, whilst others utilised several doses or stable amounts throughout therapy. These dosages and concurrent drugs may contribute to the observed high degree of variability. Our findings, on the other hand, confirm and validate the role of ferric citrate in the treatment of hyperphosphatemia and iron deficiency anaemia in patients with NDD-CKD, and this study on the impact of ferric citrate on these outcomes may provide insight into the efficacy and safety of ferric citrate on clinically important outcomes.
CONCLUSION
This systematic review is an important addition since it summarises the existing evidence on ferric citrate therapies in NDD-CKD and adds to the existing clinical trial data. Ferric citrate, according to our meta-analysis, is effective enough to be considered for the treatment of hyperphosphatemia and iron-deficient anaemia in NDD-CKD. Ferric citrate lowered blood phosphorus levels more effectively than controls in individuals with NDD-CKD and showed equivalent efficiency in managing anaemia. The most common side effects of iron citrate were diarrhoea, constipation, and nausea.
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