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Background: Scrum intact fibroblast growth factor 23 (FGF23) levels are progressively increased in
relation to the severity of kidney dysfunction. High serum intact FGF23 concentration is associated with the
increased cardiovascular morbidity and mortality in patients with chronic kidney disease (CKD). Clinically,
phosphate binders are commonly used to reduce serum intact FGF23 levels in CKD patients by lowering
serum phosphate levels. It is not clear whether all kinds of phosphate binders can reduce serum intact FGF23
levels, or which kind of phosphate binders is more effective in reducing serum intact FGF23 levels in patients
with CKD. The aim of this systematic review and meta-analysis was to compare the efficiency of different
kinds of commonly used phosphate binders on serum intact FGF23 levels in patients with CKD.

Methods: Systematic searches were performed through PubMed, Cochrane Central Register of Controlled
Trials and Embase from 1999 to 2020. We included the studies performed only in human subjects. All
randomized clinical trials (RCTs) were included. Reviews, case reports, letters, commentaries, abstracts and
unpublished articles were excluded. Risk of bias was assessed by the Cochrane Collaboration’s tool. Random
effect was performed in meta-analysis. Meta-regression was used to investigate heterogeneity.

Results: Of 1,895 articles, 15 RCTs (comprising 1,098 participants) were included. Common sources of
bias were selection bias. Phosphate binders could reduce serum intact FGF23 levels in patients with CKD
[standard mean difference (SMD) of total change in serum intact FGF23 levels was 0.91 PG/mL (95%
confidence interval: 0.38 to 1.44 PG/mL]. Meta-regression explained 89.02% of heterogeneous sources,
indicating that dietary phosphate intake could weaken the effect of phosphate binders on reducing serum
intact FGF23 levels, and the effect of phosphate binders on reducing serum intact FGF23 levels in dialysis
patients was better than that in early-to-middle CKD patients.

Discussion: Phosphate binders can effectively reduce serum intact FGF23 levels in CKD patients, and
iron-based phosphate binders have better effect on reducing serum intact FGF23 levels than other phosphate

binders.
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Introduction

Chronic kidney disease (CKD) has become a serious public
health problem in recent years (1). In clinical diagnosis of
CKD, serum creatinine, as well as decomposition products
of creatinine and creatine phosphate are generally used as
biomarkers to judge kidney dysfunction (1-5). Currently,
many clinical observations and animal experiments show
that serum intact fibroblast growth factor 23 (FGF23) is a
sensitive biomarker for CKD for it rises earlier than most
other serum parameters, including serum creatinine and
creatine phosphate (6,7). Phosphaturic hormone FGF23,
derived and secreted primarily by bone osteocytes, is a
32-kDa glycoprotein (8). The key role of intact FGF23
is to maintain phosphate homeostasis (9). Serum intact
FGEF23 levels are progressively increased in relation to
the severity of kidney function decline in CKD patients
(2,7,9,10). In face of reduced nephron mass, intact FGF23
production is increased to counteract chronic phosphate
retention by promoting urinary phosphate excretion (11).
In addition, inflammatory factor tumor necrosis factor-
alpha also stimulates the production of plasma FGF23
levels in mouse model of CKD (12). In patients on
hemodialysis, there is a 100-1,000-fold increase in serum
intact FGF23 levels (13). Of note, a study in USA shows
that there is a close relationship between serum level of
intact FGF23 and the prevalence of cardiac events, including
myocardial infarction, heart failure, and left ventricle
hypertrophy (14). High level of FGF23 has been proven to
increase the possibility of aortic and coronary calcification (15)
and cause endothelial dysfunction to cardiovascular diseases
(16,17). Therefore, high serum intact FGF23 concentration
is associated with the increased cardiovascular morbidity
and mortality in patients with CKD (10,13,18,19).
Reduction of high intact FGF23 concentration is a
strategy, possibly improving the consequences of CKD.
The most common way of reducing serum intact FGF23
concentration is through decreasing serum levels of
phosphate, which can be achieved by a phosphate-restricted
diet or the administration of phosphate binders (20). In
the end stage of CKD, only using phosphate-restricted
diet fails to control hyperphosphatemia (19,21), whereas,
phosphate binders have been shown to significantly reduce
serum phosphorus levels, suggesting that using phosphate
binders is necessary (20,22-24). The commonly used
phosphate binders include calcium carbonate, calcium
acetate, lanthanum carbonate, sevelamer and ferric
citrate (25). However, which kind of phosphate binders is
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more effective in reducing serum intact FGF23 levels in
patients with CKD, different studies show inconsistent
results (26). A study comparing three kinds of phosphate
binders with placebo, shows that only in patients treated
with sevelamer carbonate, serum intact FGF23 levels are
significantly decreased (27). Yet an 8-week study shows an
increase of serum intact FGF23 levels in patients treated
with calcium acetate (28). Therefore, it is necessary to
analysis the reliable data, specifically focusing on reduction
of serum intact FGF23 levels by phosphate binders.

The aim of our meta-analysis was to compare the efficiency
of different kinds of commonly used phosphate binders
on reducing serum intact FGF23 levels in patients with
CKD. We present the following article in accordance with
the PRISMA reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-1943/rc).

Methods

Meta-analysis was conducted according to the Cochrane

handbook (29).

Data sources and searches

We searched published English-language researches in
PubMed, Cochrane Central Register of Controlled Trials
and Embase from 1999 to 2020. We adjusted the search
strategies to meet the specifications of the individual
databases (Table S1). References of selected retrieved
articles were also examined.

Inclusion and exclusion criteria

The inclusion criteria were independently applied to all
identified studies. We included the studies performed only
in human subjects. Published randomized clinical trials
(RCTs) that compared a phosphate binder with control
group in CKD patients were included in this study. We
included participants with CKD stages 3 to 5, which are
defined as estimating glomerular filtration rate less than
60 mL/min per 1.73 m’. We excluded studies without
measuring serum intact FGF23 levels before and after the
treatment. Reviews, case reports, letters, commentaries,
abstracts and unpublished articles were excluded.

Data extraction

Two researchers independently reviewed titles and abstracts
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of the first 30 records and discussed inconsistencies
until the consensus was obtained. Then the researchers
independently screened titles and abstracts of all records
retrieved. In case of disagreement, the consensus on which
full-text articles were screened was reached by discussion.
We designed data extraction form, and two researchers used
this form to extract data from eligible studies independently.
Extracted data were compared, with any discrepancies
being resolved by discussion. We searched papers with full-
text versions and identified them in the initial screening.
Study designs, participant characteristics, interventions,
and outcome measures were extracted. We contacted the
authors of the primary reports to request any unpublished
data. If numeric outcome data were unavailable, we used
webplotDigitizer (Version 4.4) to extract the data from
figures and graphs.

Assessment of bias risk

Assessment of bias risk was performed independently by two
researchers. All disagreements were resolved by consensus.
We conducted a subjective assessment of methodological
quality for RCT studies by the Cochrane Collaboration’s
tool for assessing risk of bias (29). In this assessment,
each component was categorized as having a high, low or
unclear risk of bias: random sequence generation, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
and selective reporting.

Statistical analysis

We reported the standard mean difference (SMD) of the
change in serum intact FGF23 concentration before and
after the treatment of phosphate binders. We classified the
direction of effect as ‘favours placebo’ or ‘favours phosphate
binder’. We excluded the studies from the analysis if they did
not have enough information required for continuous data
comparison. Serum intact FGF23 levels measured in most
of these studies were expressed in the form of interquartile
range (IQR). We estimated the mean and the variance for
such trials according to the available data. If the sample size
is larger than 25, we used the median to estimate mean. The
standard deviation could be estimated using the median, low
and high end of the range, and sample size. If the sample
size is between 15 and 70, the formula range/4 was the best
estimator for the standard deviation. If the sample size is
larger than 70, the formula range/6 gave the best estimator
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for the standard deviation (30).

We used the Q statistic and I” statistic to quantify
heterogeneity of effect size estimates across these
studies. For Q statistic, substantial heterogeneity
was defined as P<0.1. For I’ statistic, I’<25%
represented low heterogeneity, '=25-50% represented
moderate heterogeneity, I’>50% represented substantial
heterogeneity (31). If I was <50%, the heterogeneity was
acceptable, and the fixed effect model was used for the
analysis. If I* was greater than 50%, the heterogeneity was
high, and a random effect model was used for the analysis.
Meta-regression was used to investigate heterogeneity. And
we used subgroup analysis instead of sensitivity analysis to
assess robustness of the synthesized results.

Possible publication bias was assessed using funnel
plot and Begg’s regression test (P<0.05 was considered
significant) (29). The data analysis was performed using
Stata 14 and RevMan 5 (32).

Results
Description of included studies

We initially searched 1,895 records through database
searching and citation searching, 465 duplicate records
were removed and 1,303 records were excluded by title and
abstract. Of the 127 reports initially screened, 11 reports
were not retrieved, and the remaining 116 reports were
undergone full-length review. After reviewing, 101 reports
were excluded for they were review, or not RCT studies
using placebo control, or meet other exclusion criteria.
Finally, we included 15 studies for analysis (Figure I).

Data were extracted from 15 studies involving total
of 1,098 CKD participants for qualitative analysis. The
included studies varied in sample size (21 to 155), type
and dosage of phosphate binders used, and duration of the
treatment (4 weeks to 12 months). The characteristics of
the 15 included studies were outlined in 7azble 1.

Risk of bias in included studies

All included studies were assessed for risk of bias using the
Cochrane Collaboration’s tool, and the results were shown
in Figure 2, Table 2 and Figure S1.

Meta-analysis results

Out of 15 studies, 13 studies compared the effect of
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

- Low risk of bias

I:I Unclear risk of bias

[l High risk of bias

Figure 2 Risk of bias graph: each risk of bias item presented as percentages across all included studies.

different phosphate binders and placebo on serum intact
FGF23 levels (27,33-44). Other two studies compared the
effect of non-calcium-based phosphate binder and calcium-
based phosphate binder on serum intact FGF23 levels
(45,46). Thirteen studies containing phosphate binders
group and placebo group were included to analyze the
effect of phosphate binders on serum intact FGF23 levels
in patients with CKD (27,33-44). Among of them, eight
studies showed that phosphate binders could reduce serum
intact FGF23 levels in patients with CKD (Geoffrey A
2015, Otsuki T 2018, Isakova T 2013, Fishbane S 2017,
Seifert ME 2013, Block GA 2012, Yokoyama K 2014, Block
GA 2019) (27,33,37-42). Other five studies showed that
phosphate binders did not reduce serum intact FGF23
levels in patients with CKD (Chue CD 2013, Urefia-Torres
P 2014, Iguchi A 2017, Liabeuf S 2017, Phelps KR 2014)
(34-36,43,44).

More information for main characteristics of the
included studies was shown in 7able 1. Taken together, we
used a randomized effect model to investigate the effect of
phosphate binders on serum intact FGF23 levels of CKD
patients. There was significant difference in the change of
serum intact FGF23 levels between experimental group
and control group (Figure 3). The SMD of total changes in
serum intact FGF23 levels was 0.91 PG/mL (95% CI: 0.38
to 1.44, P<0.05), suggesting that phosphate binders could
reduce serum intact FGF23 levels in patient with CKD.
We found that the heterogeneity between different studies
was high (I?=93.1%, tau?=0.82). In order to make the results
of the meta-analysis more convincing, we would further
discuss the sources of heterogeneity in the meta-regression
analysis.

© Annals of Palliative Medicine. All rights reserved.

Subgroup analysis

To further investigate the effect of different phosphate
binders on reducing serum intact FGF23 levels in patients
with CKD, we performed a subgroup analysis (Figure 4). Six
studies used iron-based phosphate binders to treat patients
with CKD (33,36,37,39,41,42), while 7 studies used non-
iron-based phosphate binders to treat patients with CKD
(27,34,35,38,40,43,44). There was a significant statistical
difference, indicating that the effect of ferric citrate on
decreasing serum intact FGF23 levels was better than no-
iron phosphate binders (P<0.05).

Two studies compared the effects of calcium-based
phosphate binder and non-calcium-based phosphate binder
on reducing serum intact FGF23 levels in patient with
CKD (45,46). We performed a meta-analysis to investigate
the effects of phosphate binders in serum intact FGF23
levels between calcium-based phosphate binder and non-
calcium-based phosphate binder (Figure 5). There was no
significant statistical difference between calcium-based
phosphate binder group and non-calcium-based phosphate
binder group (P<0.05).

Meta-regression

Meta-analysis results showed that there was statistical
between-study heterogeneity (12=93.1%, P=0.968,
tau?=0.82). In order to find the source of heterogeneity,
we have reviewed the treatment modality, as well as the
inclusion and exclusion criteria for CKD patients from
each study. We noted that there were two possible sources
of heterogeneity. One was whether the patient’s dietary
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Geoffrey A 2015 54 85.65 72 36 110.5 69 8.4% 0.18 [-0.15, 0.51] 2015 I
Fishbane, S 2017 29 63.68 86 14.8 59.18 81 8.4% 0.23 [-0.07, 0.53] 2017 il
Iguchi, A 2017 2.85 22.64 17 1.58 10.46 9 7.2% 0.06 [-0.74, 0.87] 2017 -1
Liabeuf S 2017 -57 36.61 39 -41 61.43 39 8.2% -0.31[-0.76, 0.13] 2017 /T
Otsuki, T 2018 5,100 2,256.25 31 -2,640 2,651.25 32 7.4% 3.10[2.36, 3.85] 2018 -
Block, G. A 2019 29.55 73.81 94 -228.18 149.49 56 8.2% 2.37[1.94,2.80] 2019 .
Total (95% Cl) 563 460 100.0% 0.89 [0.37, 1.42] -

ity 2 = . i2 = = - 12 = 939 T T
Heterogeneity: Tau? = 0.82; Chi? = 169.08, df = 12 (P < 0.00001); I = 93% M 2 0 2 4

Test for overall effect: Z = 3.35 (P = 0.0008) Favours[Placebo] Favours[Phosphate binder]

Figure 3 Comparison of serum intact fibroblast growth factor 23 (FGF23) between phosphate binders and control group in patients with
chronic kidney disease (CKD). Meta-analysis pooling of standard mean differences by the method of Cohen, using the random-effects
inverse-variance model with DerSimonian-Laird estimate of tau’, I’=proportion of total variation in effect estimate due to between-study

heterogeneity (based on Q).
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Fishbane, S 2017 29 63.68 86 14.8 59.18 81 33.8% 0.23[-0.07, 0.53] 2017 ™

Iguchi, A 2017 2.85 22.64 17 1.58 10.46 9 48% 0.06 [-0.74, 0.87] 2017 I

Otsuki, T 2018 5,100 2,256.25 31 -2,640 2,651.25 32 56% 3.10[2.36, 3.85] 2018 -

Block, G. A 2019 29.55 73.81 94 -228.18 149.49 56 17.1% 2.37[1.94,2.80] 2019 -
Subtotal (95% Cl) 346 270 100.0% 0.85[0.68, 1.03] <

Heterogeneity: Chi? = 122.40, df = 5 (P < 0.00001); I? = 96%
Test for overall effect: Z = 9.46 (P < 0.00001)

2.1.2 non-iron-based phosphate binders

Block, G. A 2012 12.02 25.92 65 -7.21 16.14 41 24.6% 0.84[0.43, 1.25] 2012 —
Chue, C. D 2013 4.9 18.57 55 4 16.37 54 28.9% 0.05[-0.32, 0.43] 2013 T
Isakova, T 2013 309.5 149.7 8 33 46.5 10  21% 2.78[1.39, 4.16] 2013
Seifert, M. E 2013 14 197.81 19 0 12141 19 10.1% 0.08 [-0.55, 0.72] 2013 -1
Phelps KR 2014 10.5 9.81 14 3 2.06 15 6.6% 1.05[0.26, 1.83] 2014 -
Ureia-Torres,P 2014 "7 20.6 17 0 217 12 72% 0.54[-0.21, 1.29] 2014 T
Liabeuf S 2017 -57 36.61 39 -41 61.43 39 20.5% -0.31[-0.76, 0.13] 2017 T

Subtotal (95% CI) 217 190 100.0% 0.33 [0.13, 0.54] L 2

Heterogeneity: Chi? = 32.24, df = 6 (P < 0.0001); I =81%
Test for overall effect: Z = 3.23 (P = 0.001)

' 4
t 1

4 2 0 2 4
Favours[Placebo] Favours[Phosphate binder]

Test for subgroup differences: Chi? = 14.44, df = 1 (P = 0.0001), I = 93.1%

Figure 4 Subgroup analysis of serum intact fibroblast growth factor 23 (FGF23) levels between iron-based phosphate binder and non-iron
phosphate binder in patients with chronic kidney disease (CKD).

non-calcium-based phosphate binder calcium-based phosphate binder Std. Mean Difference Std. Mean Difference
_Study or Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Lin, H. H 2014 1,347.62 533.42 23 268.95 377.15 27 50.4% 2.33[1.60, 3.06] —
Chang, Y.M 2017 3,984.7 5,348.3 13 272.7 7,811.4 12 49.6% 0.54 [-0.26, 1.34] T
Total (95% CI) 36 39 100.0% 1.44[-0.31, 3.20] e ——
Heterogeneity: Tau? = 1.45; Chi = 10.45, df = 1 (P = 0.001); I = 90% _;1 _'2 0 é .

4
Test for overall effect: Z = 1.61 (P = 0.11) Favours[non-calcium-based phosphate binder] ~ Favours[calcium-based phosphate binder]

Figure 5 Meta-analysis of serum intact fibroblast growth factor 23 (FGF23) between calcium-based phosphate binder and non-calcium-
based phosphate binder in patients with chronic kidney disease (CKD).
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Figure 7 Funnel plot to assess publication bias for serum intact
fibroblast growth factor 23 (FGF23) levels in patients with chronic
kidney disease (CKD).

phosphorus intake was restricted. There were 4 studies
restricted patient’s dietary phosphate intake (37,38,41,42),
while 9 studies did not restrict patient’s dietary phosphate
intake during the treatment (27,33-36,39,40,43,44). The
other was whether patients performed hemodialysis.
There were 2 studies included end-stage CKD patients
receiving hemodialysis (37,42), while 11 studies included
early-to-middle stage CKD patients who did not receive
hemodialysis (33-36,38-41,43,44). We used whether
patient’s dietary phosphorus intake was restricted as well
as whether patients performed hemodialysis as covariates
made meta-regression analysis (Figure 6). We found that

© Annals of Palliative Medicine. All rights reserved.

the tau? value was reduced from 0.82 to 0.09, explaining
89.02% of heterogeneous sources, indicating that dietary
phosphorus intake restrict and hemodialysis were the main
factors affecting the effect of phosphate binders on reducing
serum intact FGF23 levels in patient with CKD. Dietary
phosphate intake could weaken the effect of phosphate
binders on reducing serum intact FGF23 levels. The effect
of phosphate binders on reducing serum intact FGF23
levels in dialysis patients was better than that in early-to-
middle CKD patients.

Publication bias

To investigate potential publication bias, we examined a
Begg’s funnel plot of the included studies in assessing total
changes in serum intact FGF23 levels of CKD patients.
From this plot (Figure 7), bias was not presented because
there was symmetrical distribution of studies on both sides
of the mean.

Discussion

Our meta-analysis showed that phosphate binders could
reduce serum levels of both intact FGF23 and phosphorus
in patients with CKD. We considered that serum intact
FGF23 reduction was not only caused by phosphorus
concentration reduction, but also related to other effect of
different phosphorus binders themselves. Study has shown
that iron lack stimulates the synthesis of intact FGF23 in
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patients with CKD (47). Therefore, we considered that
iron-based phosphate binder has also supplemented iron
elements during reducing phosphate, further inhibiting the
formation of intact FGF23, which possibly explains why
iron-based phosphate binder is better in patients with CKD.

In this study, we did not control the duration of
phosphate binders. Under the strict inclusion and exclusion
criteria, the meta-analysis itself included fewer studies. If
the duration is controlled, the sample size may be further
reduced, and the credibility of the meta-analysis results may
be greatly decreased. We carefully reviewed each original
study, but many studies only report baseline and outcome
data. Therefore, it is difficult to obtain intermediate data.
On the other hand, we did not control the exact dosage of
phosphate binders, but the dosage was within a similar range
in included studies. The reason is that when phosphate
binders are used to improve the consequences of CKD,
their dosages depend on serum phosphorus concentration
in patients. In the original study, the dosage of phosphate
binders was different according to the state of the patients.
The dosage is decreased when phosphate binders cause
side effect, and is increased during high serum phosphorus
concentration in each study (7able 3). Generally, the dosage
of phosphate binders is relatively consistent for CKD
patients with similar serum phosphorus concentration,
for example, the dosage of lanthanum carbonate is usually
3 g/d for patients with CKD stages 3 to 5 (48,49). Since
only patients with CKD stages 3 to 5 were included in our
study, the dosage change of phosphate binders between
different studies was small, which further weakened the
effect of the dosage on the meta-analysis results. Thus, the
credibility of our meta-analysis was relatively high.

Intact FGF23 is suggested to maintain phosphate
homeostasis (9). In the kidney, physiological function of
intact FGF23 is mediated by binding to the complex of
fibroblast growth factor receptor (FGFR) and its specific co-
receptor klotho (50). Intact FGF23 forms FGF23-FGFR-
Klotho complex with FGFR and Klotho, which can inhibit
expression levels of sodium-dependent phosphate transport
protein 2A and sodium-dependent phosphate transport
protein 2C at proximal renal tubules, thereby promote renal
phosphate excretion (51-53). Furthermore, FGF23-FGFR-
Klotho complex reduces serum 1,25-dihydroxyvitamin D3
levels by down-regulating renal expression of cytochrome
P450 family 27 subfamily B member 1 encoding
lo-hydroxylase, which inhibits the conversion of pro-
hormone 25-hydroxyvitamin D3 into its active form, as well
as by up-regulating cytochrome P450 family 24 subfamily

© Annals of Palliative Medicine. All rights reserved.
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A member 1, which encodes catabolic 24-hydroxylase (54).
Decrease of renal 1,25-dihydroxyvitamin D3 production
causes a low abundance of type IIb sodium-phosphate
cotransporter (NPT2b) in gastrointestinal tract, thereby
limiting phosphate uptake (52,55).

Phosphate binders reduce serum phosphate levels,
subsequently, up-regulates NPT2b-dependent dietary
phosphate absorption (56-59). Thus, the effectiveness
of phosphate binders may be offset by the contribution
of NPT2b up-regulation to total intestinal phosphate
absorption, possibly explaining why dietary phosphate
intake could weaken the effect of phosphate binders on
reducing serum intact FGF23 levels in CKD patients.

There is a positive correlation between serum
phosphorus level and FGF23 level, but the specific
regulatory mechanism has not been clearly explained in the
existing studies. In addition, the mechanism by which how
dietary phosphorus intake ‘signal’ is transmitted to FGF23
change has not been clearly explained. The regulation of
FGF23-mdiated homeostasis in human body is relatively
complex, with a multi-pathway of regulatory network.
Future research direction can start from the elaboration of
these mechanisms.

Of note, some of those phosphate binders bring
different side effects. Calcium acetate has more severe
gastrointestinal side effects than calcium carbonate. High
dose of calcium-based phosphate binders is reported to
increase the risk of hypercalcaemic and vascular calcification
in patients with CKD (60). Compared with calcium salts,
sevelamer shows equivalent phosphate control and less
hypercalcaemic events in CKD patients (60). As with all
other phosphate binders, sevelamer has gastrointestinal
side effects (61,62). Lanthanum, a trivalent cation that
binds phosphate ionically, is active over a wide pH (63).
Lanthanum has been shown in clinical study to be an
effective, well-tolerated phosphate binder with no evidence
of significant side effects in patients with CKD (64). Ferric
citrate is an intestinal phosphate binder, which stores iron,
increases hemoglobin levels, and reduces serum phosphate
levels in patients with end-stage renal disease undergoing
hemodialysis (33). Therefore, in the clinical treatment
of CKD, different phosphate binders should be selected
according to the patient’s situation to prevent side effects.

The strengths of this study lie in its objective assessment
of study quality and rigorous methodology, which
conducted according to the Cochrane handbook. Despite
these strengths, the systematic review and meta-analysis
have limitations, both because of the limitations of the
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Table 3 Duration and dosage of phosphate binders in each study

Dosage
Study Comparison Duration Note
Intervention group (g/d) Control group (g/d)
Block, 2012 LC, SC,CCvs. PL LC:3.0,SC:4.8,CC:4.0 PL:3.0,PL:4.8, 9 months The dosage was adjusted between
PL: 4.0 1.5 and 9.6 g/d according to the target
range of serum phosphate
(8.5-4.5 mg/dL)
Chue, 2013 SCvs. PL 4.8 4.8 40 weeks The dosage was reduced to
2.4 g/d if persistent adverse effects or
hypophosphatemia occurred
Isakova, 2013 LCvs. PL 3.0 3.0 12 weeks NA
Seifert, 2013 LCvs. PL 3.0 3.0 12 months NA
Phelps, 2014 SCuvs. PL 7.2 7.2 4 weeks NA
Lin, 2014 SCvs. CC 4.8 3.0 48 weeks The dosage was adjusted between
1.5 and 7.2 g/d according to the target
range of serum phosphate
(1.13-1.78 mmol/L)
Urena-Torres, 2014 LCvs. PL 3.0 3.0 12 weeks NA
Yokoyama, 2014 FCvs. PL 3.0 3.0 12 weeks The dosage was adjusted between
1.5 and 6.0 g/d according to the target
range of serum phosphate
(2.5-4.5 mg/dL)
Geoffrey, 2015 FC vs. PL 3.0 3.0 12 weeks Containing Fe*: 0.63 g/d
Chang, 2017 LCvs. CC 1.644 3.375 24 weeks NA
Fishbane, 2017 FCvs. PL 3.0 3.0 16 weeks Containing Fe*: 0.63 g/d
Iguchi, 2017 FCvs. PL 0.75 0.75 12 weeks Containing Fe**: 0.18 g/d
Liabeuf, 2017 SCuvs. PL 4.8 4.8 12 weeks NA
Otsuki, 2018 SOvs. PL 3.0 3.0 24 weeks NA
Block, 2019 FC vs. PL 6.0 6.0 40 weeks Containing Fe*: 1.26 g/d

LC, lanthanum carbonate; SC, sevelamer carbonate; CC, calcium carbonate; PL, placebo; FC, ferric citrate; SO, sucroferric oxyhydroxide;

NA, not available; Fe**, ferric iron.

research we were able to retrieve and the data extraction.
We searched in three databases only and focused on studies
published in English, and the hand search was limited to
references of review studies. These choices resulted in
fewer studies included in our meta-analysis and reduced the
credibility of the conclusions. Further limitation is accuracy
of available data: the measurement of FGF23 levels in most
of these studies are expressed in the form of IQR, although
we used the available data to estimate the mean and variance
in those trials according to the Cochrane handbook for
systematic reviews of interventions, there still remains a
little error between the estimated value and the real data.

© Annals of Palliative Medicine. All rights reserved.

Conclusions

We find that phosphate binders can effectively reduce serum
intact FGF23 levels in CKD patients, which is also affected
by other conditions, such as dietary phosphate intake, and
iron deficiency-caused anemia. Dietary phosphate intake
could weaken the effect of phosphate binders on reducing
serum intact FGF23 levels in CKD patients. Especially
in patients with anemia caused by iron deficiency, iron-
based phosphate binders are more effective on reducing
serum intact FGF23 levels than other phosphate binders.
These findings may guide the clinical treatment of CKD
patients with the best medication methods. For example,
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iron-based phosphate binders should be used when there
are complications of anemia caused by iron deficiency, and
calcium-based phosphate binders should be avoided when
patients have gastrointestinal discomfort.
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Supplementary

Table S1 Literature search strategy

PubMed/Medline

#1. (U Renal Insufficiency, Chronic[Title/Abstract]) OR (Chronic Renal Insufficiencies[Title/Abstract])) OR (Renal Insufficiencies,
Chronic[Title/Abstract])) OR (Chronic Renal Insufficiency[Title/Abstract])) OR (Kidney Insufficiency, Chronic[Title/Abstract])) OR (Chronic
Kidney Insufficiency[Title/Abstract])) OR (Chronic Kidney Insufficiencies[Title/Abstract])) OR (Kidney Insufficiencies, Chronic[Title/Abstract]))
OR (Chronic Kidney Diseases[Title/Abstract])) OR (Chronic Kidney Disease([Title/Abstract])) OR (Disease, Chronic Kidney([Title/Abstract]))
OR (Diseases, Chronic Kidney([Title/Abstract])) OR (Kidney Disease, Chronic[Title/Abstract])) OR (Kidney Diseases, Chronic[Title/Abstract]))
OR (Chronic Renal Diseases[Title/Abstract])) OR (Chronic Renal Disease[Title/Abstract])) OR (Disease, Chronic Renal[Title/Abstract])) OR
(Diseases, Chronic Renal[Title/Abstract])) OR (Renal Disease, Chronic[Title/Abstract])) OR (Renal Diseases, Chronic[Title/Abstract])

#2. (((((((ferric citrate[Title/Abstract]) OR (iron(lll) citrate[Title/Abstract])) OR (ferric-citric acid[Title/Abstract])) OR (ferric citrate
anhydrous([Title/Abstract])) OR (ferric citrate hydrate[Title/Abstract])) OR (JTT-751[Title/Abstract])) OR (zerenex[Title/Abstract])) OR (ferric
citrate trihydrate[Title/Abstract])) OR (ferric citrate, 59Fe-labeled cpd[Title/Abstract])) OR (ferric citrate, iron salt, 59Fe-labeled cpd[Title/
Abstract])) OR (ferric citrate dihydrate[Title/Abstract])) OR (ferric citrate iron(+3) salt[Title/Abstract])

#3. ((((Sevelamer(Title/Abstract]) OR (GT335-012[Title/Abstract])) OR (GT335 012[Title/Abstract])) OR (GT335012[Title/Abstract])) OR
(Sevelamer Hydrochloride[Title/Abstract])) OR (Hydrochloride, Sevelamer(Title/Abstract])) OR (RenaGel[Title/Abstract])) OR (Sevelamer
Carbonate[Title/Abstract])) OR (Carbonate, Sevelamer[Title/Abstract])

#4. ((Lanthanum Carbonate([Title/Abstract]) OR (lantharenol[Title/Abstract])) OR (Fosrenol[Title/Abstract])
#5. #2 OR #3 OR #4

#6. (((Fibroblast Growth Factor 23[Title/Abstract]) OR (FGF23 protein, human([Title/Abstract])) OR (fibroblast growth factor 23, human([Title/
Abstract])) OR (tumor-derived hypophophatemia inducing factor, human([Title/Abstract])) OR (FGF-23 protein, human([Title/Abstract])

#7. #1 AND #5 AND #6
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Figure S1 Risk of bias summary: each risk of bias item for each included study.
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