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Abstract

Studies have suggested that vitamin D supplementation may increase serum fibroblast growth factor 23 (FGF23) among vitamin D-
deficient patients although the results were inconsistent across the studies. This systematic review and meta-analysis was conducted to
summarize all available data. A systematic review was conducted using MEDLINE and EMBASE database from inception to
February 2019 to identify studies that provided oral vitamin D3 supplement to vitamin D-deficient participants (25-hydroxyvitamin
D <20 ng/mL). Mean serum FGF23 concentration and standard deviation of participants at baseline and after vitamin D3 supplemen-
tation were extracted to calculate standard mean difference (SMD). Pooled SMD was calculated by combining SMDs of each study
using random effects model. Nine studies were eligible for the meta-analyses. Seven studies measured serum intact FGF23, and two
studies measured serum C-terminal FGF23. The meta-analyses found that serum intact FGF23 increased significantly after oral vitamin
D5 supplementation in vitamin D-deficient participants with the pooled SMD of 0.36 (95%ClI 0.14, 0.57; p = 0.001; I of 36%). Serum
C-terminal FGF23 also increased after vitamin D5 supplementation in vitamin D-deficient participants with the pooled SMD of 0.28
although without reaching statistical significance (95%CI, — 0.08, 0.65; p = 0.13; F* of 0%). Funnel plot of the meta-analysis of serum
intact FGF23 did not provide a suggestive evidence for publication bias. Vitamin D supplementation leads to a significant increase in
serum intact FGF23 among vitamin D-deficient patients. An increase in serum C-terminal FGF23 was also observed although the
number of included studies was too small to demonstrate statistical significance. The present systematic review and meta-analysis
revealed that serum intact FGF23 concentration increased significantly after oral vitamin D5 supplementation in vitamin D-deficient
participants. An increase in serum C-terminal FGF23 concentration was also observed although the number of included studies was too
small to demonstrate statistical significance.
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Introduction

P< N. Charoenngam

nipith.charoenngam @ gmail.com Vitamin D is a steroid hormone responsible for maintaining

calcium and phosphate homeostasis. Humans endogenously
synthesize vitamin D in the skin upon exposure to ultraviolet
B radiation and exogenously derive vitamin D from dietary
sources and supplements. Once entering the circulation, vita-
min D undergoes liver hydroxylation by 25-hydroxylase en-
zyme and turns into 25-hydroxyvitamin D (25(OH)D), which
is generally measured for assessment of vitamin D status.
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25(0OH)D is then converted by 1o-hydroxylase enzyme in
the kidney into the active from of 1,25-dihydroxyvitamin D
(1,25(0OH),D) that exerts physiological functions by promot-
ing intestinal calcium and phosphate absorption, renal tubular
reabsorption of calcium, and bone resorption and formation
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[1]. Vitamin D deficiency, defined as serum 25(OH)D concen-
tration of less than 20 ng/mL [2], can cause transient hypocal-
cemia as a result of impairment of intestinal calcium absorp-
tion. Decreased serum ionized calcium can subsequently lead
to secondary hyperparathyroidism as a compensatory mecha-
nism to maintain serum calcium concentration in a physiolog-
ically acceptable range [1, 3].

FGF23 is a phosphaturic hormone secreted by osteocytes. It
inhibits renal tubular reabsorption of phosphate causing in-
creased urinary phosphate excretion [4]. In addition, FGF23
suppresses the expression of 1a-hydroxylase enzyme in the
kidney and induces the expression of 25-hydroxyvitamin D-
24-hydroxylase enzyme, resulting in a decrease in conversion
of 25(OH)D into 1,25(OH),D and an increase in catabolism of
25(0OH)D and 1,25(0OH),D into inactive carboxylic acids [5, 6].
Increased serum phosphate concentration is the known major
physiologic regulator that stimulates FGF23 production by os-
teocyte [4, 6]. In addition, in vivo studies revealed that
1,25(0OH),D and parathyroid hormone (PTH) can also directly
stimulate synthesis of FGF23 in osteocyte [5, 7, 8]. High con-
centration of serum FGF23 can be observed as a physiologic
reaction to impaired renal function when renal phosphate ex-
cretion is compromised [6, 9]. Serum FGF23 can also be path-
ologically elevated in rare inherited diseases such as X-linked
hypophosphatemic rickets as well as acquired disorders such as
tumor-induced osteomalacia [10].

Although studies on the vitamin D-PTH-FGF23 axis are
rising in number, the effect of vitamin D supplementation on
serum FGF23 concentration in individuals with vitamin D
deficiency is still not known. Treatment of vitamin D deficien-
cy is known to recover intestinal calcium and phosphate ab-
sorption, leading to resolution of secondary hyperparathyroid-
ism and decreased urinary loss of phosphate [3]. However, the
effects of vitamin D supplementation on serum FGF23 are
inconsistent across studies [11-19]. The current systematic
review and meta-analysis was conducted with the aim to gath-
er all available data to better describe the effect of vitamin D;
(cholecalciferol) supplementation on changes in serum
FGF23 among vitamin D-deficient patients.

Methods
Search strategy

Three investigators (P.U., N.C., P.R.) independently searched
for published studies indexed in MEDLINE and EMBASE
from inception (1950 for MEDLINE and 1947 for
EMBASE) to February 2019. Search terms derived from
terms related to fibroblast growth factor 23 and vitamin D.
The detailed search strategy is provided in the Supplemental
Material 1. No language limitation was applied.

@ Springer

Inclusion criteria

Studies that were eligible to be included into the meta-analysis
must be either prospective interventional single-arm study or
randomized controlled study that gave oral vitamin D5 sup-
plement to participants with vitamin D deficiency (defined as
serum 25(OH)D concentration of less than 20 ng/mL, using
assay methodology that measures the total 25(OH)D
[25(OH)D, and 25(OH)Ds;] [2]. Eligible studies must clearly
define dosage and duration of vitamin D3 supplementation
and must also report mean concentration of serum intact
and/or C-terminal FGF23 of participants and its standard de-
viation (SD) or standard error of the mean at baseline and after
oral vitamin D5 supplementation.

Study eligibility was independently determined by the two
investigators (N.C. and P.R.). Different opinions were re-
solved by conference with the senior investigator (P.U.).

Data extraction

A standardized data collection form was used for extracting
the following details: last name of the first author, country
where the study was conducted, study design, year of publi-
cation, number of participants, recruitment of participants,
dosage and duration of oral vitamin D3 supplementation, av-
erage age of participants, percentage of female, baseline serum
25(OH)D concentration, serum FGF23 at baseline and after
vitamin D3 supplementation, and duration of serum FGF23
follow-up measurement.

Statistical analysis

Mean serum FGF23 and SD of participants before and after
vitamin D5 supplementation were extracted from each study
and the standard mean difference (SMD) was calculated.
Pooled SMD was then calculated by combining SMDs of each
study using random-effects model. The heterogeneity of the
SMDs across the included studies was quantified using the Q
statistic, which is complimented with P statistics. A value of 7
of 0-25% indicates insignificant heterogeneity, 26-50% low
heterogeneity, 51-75% moderate heterogeneity, and 76—100%
high heterogeneity [20]. Visual inspection of funnel plots was
used to assess for the presence of publication bias. Data anal-
ysis was performed using Review Manager 5.3 software from
the Cochrane Collaboration (London, UK).

Results

Search results

A total of 4404 articles were retrieved from MEDLINE
and EMBASE databases in which duplicated articles were
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Fig. 1 Study identification and
literature review process

Potentially relevant articles
identified from MEDLINE
(n=1303) and EMBASE
database (n=3101) were
screened for retrieval

\ 4

\ 4

Exclusion of 1145 duplications

Title and abstract review of
potentially relevant articles
(n=3259)

\ 4

\4

3217 articles were excluded
based on title and abstract
review because they clearly
did not fulfill the inclusion
criteria on the basis of type of
article and study design

42 potentially relevant
articles underwent full-length
article review

\ 4

\ 4

33 articles were excluded as
they did not report the
outcome of interest

9 articles were included in the
meta-analysis
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Post-treatment Pre-treatment

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Garcia-lopes et al. [14] 123.6 92.2 45 99.9 103.5 45 13.8% 0.24 [-0.18, 0.65] 2012 - -
Alshayeb et al. (ESRD) [11] 2,306 2,664 14 2,137 2,632 14 6.5% 0.06 [-0.68, 0.80] 2014 E——

Alshayeb et al. (normal GFR) [11]  119.9 37.7 25 749 323 25 8.6% 1.26 [0.65, 1.87] 2014

Nygaard et al. [16] 43.5 10.5 22 395 9 22 89% 0.40[-0.20, 1.00] 2014 ]

Alshayeb et al. (CKD) [11] 191.1 116.9 27 169.7 110 27 10.3% 0.19[-0.35, 0.72] 2014 —

Kamelian et al. [15] 111.9 229 60 99.6 719 60 15.9% 0.07 [-0.29, 0.43] 2017 I
Carvalho et al. [12] 1,470 3,718.6 16 1,360 2,782.2 16 7.2% 0.03 [-0.66, 0.73] 2017 - ]

Turrini et al. [17] 44.2 26.4 17 322 25.6 17 7.3% 0.45[-0.23, 1.13] 2017 ]

De Niet et al. (monthly) [13] 63.6 14.3 30 573 16.3 30 10.9% 0.41[-0.11,0.92] 2018 D
De Niet et al. (daily) [13] 63 18.8 30 51.9 16.4 30 10.7% 0.62[0.10, 1.14] 2018

Total (95% Cl) 286 286 100.0% 0.36 [0.14, 0.57] -

Heterogeneity: Tau? = 0.04; Chi? = 14.06, df = 9 (P = 0.12); I = 36%
Test for overall effect: Z = 3.27 (P = 0.001)
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2 !
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o

Fig. 2 Forest plot of the meta-analysis of change in serum intact FGF23 concentration after oral vitamin D5 supplementation in vitamin D-deficient

patients

removed, leaving 3259 articles for title and abstract re-
view. Based on title and abstract review, a total of 3217
articles were excluded as they clearly did not fulfill the
inclusion criteria on the basis of type of article and study
design. A total of 42 articles underwent full-length article
review in which 33 articles were excluded as they did not
report the outcome of interest. Finally, a total of nine
studies consisting of seven randomized-controlled studies
and two prospective interventional single arm studies met
the inclusion criteria and were included into the meta-
analysis [11-19]. Seven of the nine included studies mea-
sured serum intact FGF23 [11-17], while the other two
studies measured serum C-terminal FGF23 [18, 19].
Therefore, two meta-analyses were performed separately;
one for the studies that measured serum intact FGF23, and
the other for the studies that measured serum C-terminal
FGF23. Please note that the study by Alshayeb et al. [11]
reported concentration of FGF23 among individual sub-
group (which was based on renal function status) but did
not report concentration of FGF23 for the entire cohort.
Therefore, data from each subgroup were used for the
calculation of pooled SMD. Please also note that the study
by De Niet et al. [13] randomized their participants into
two groups and both groups received oral vitamin D3
supplementation (the difference was in dosage and fre-
quency). Therefore, both subgroups were eligible and in-
cluded in this meta-analysis. The study review and selec-
tion process are described in Fig. 1. The basic character-
istics of the included studies are summarized in Table 1.

Post-treatment Pre-treatment

Std. Mean Difference

Change in serum intact FGF23 concentration
after vitamin D; supplement in vitamin D-deficient
patients

The meta-analysis found that serum intact FGF23 concentra-
tion increased significantly after oral vitamin D5 supplemen-
tation in vitamin D-deficient participants with the pooled
SMD of 0.36 (95%ClI, 0.14, 0.57; p =0.001). The statistical
heterogeneity of this meta-analysis was low with 7 of 36%

(Fig. 2).

Change in serum C-terminal FGF23 concentration
after oral vitamin D3 supplementation in vitamin
D-deficient patients

The meta-analysis found that serum C-terminal FGF23 con-
centration increased after vitamin D5 supplementation in vita-
min D-deficient participants with the pooled SMD of 0.28
although without reaching statistical significance (95%CI, —
0.08, 0.65; p =0.13). The statistical heterogeneity of this
meta-analysis was insignificant with /* of 0% (Fig. 3).

Evaluation for publication bias

Funnel plot was used to assess for publication bias in the meta-
analysis of change in serum intact FGF23. The plot was rea-
sonably symmetric and did not show a suggestive evidence for
the presence of publication bias (Fig. 4).

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Mesinovic et al. [18] 148.6 110.1 28 139 412 28 48.9% 0.11[-0.41, 0.64] 2018

Trummer et al. [19] 5.9 1.6 30 53 1 30 51.1% 0.44 [-0.07, 0.96] 2018

Total (95% Cl) 58 58 100.0% 0.28 [-0.08, 0.65]

Heterogeneity: Tau? = 0.00; Chi2 = 0.78, df = 1 (P = 0.38); I?= 0%
Test for overall effect: Z=1.51 (P =0.13)

L R N
Vit D decreases FGF23 Vit D increases FGF23

Fig.3 Forest plot of the meta-analysis of change in serum C-terminal FGF23 concentration after oral vitamin D3 supplementation in vitamin D-deficient

patients
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Discussion

The present study is the first systematic review and
meta-analysis that summarizes the results of all avail-
able prospective interventional single-arm and random-
ized controlled studies that gave oral vitamin Dj sup-
plement to participants with vitamin D deficiency and
measured serum intact or C-terminal FGF23 at baseline
and after vitamin D5 supplementation. The meta-analysis
of both intact and C-terminal FGF23 revealed an in-
crease in concentration of FGF23 after vitamin D3 sup-
plementation in vitamin D-deficient patients. However,
statistical significance was not achieved in C-terminal
FGF23 analysis, probably due to limited number of par-
ticipants as only two studies were included in this meta-
analysis. PTH is a known sensitive biomarker of vita-
min D and calcium status and normalization of serum
PTH reflects response to vitamin D supplementation
among vitamin D-deficient patients [1, 3]. The results
of this study may suggest that FGF23 could be another
possible surrogate marker for vitamin D status and re-
sponse to vitamin D supplementation.

A few possible explanations exist for the observed increase
in serum FGF23 in response to vitamin D5 supplementation in
vitamin D-deficient patients. The first proposed mechanism is
based on the evidence from vivo studies that 1,25(OH),D can
independently stimulate mRNA expression of FGF23 in

osteocyte by interacting with vitamin D responsive element
in the promotor region of the gene encoding for FGF23 [8, 21,
22]. Serum concentration of 1,25(OH),D is usually normal
even in the presence of vitamin D deficiency as a result of
secondary hyperparathyroidism that enhances renal conver-
sion of 25(OH)D into 1,25(OH),D [1-3]; however, tissue
and cellular level of 1,25(OH),D in osteocyte could still be
low [23]. Therefore, repletion of vitamin D might lead to an
increase in intracellular 1,25(OH),D concentration in the os-
teocyte which would then increase synthesis and secretion of
FGF23. The second possible explanation is that vitamin D-
deficient state is associated with impaired intestinal phosphate
absorption and secondary hyperparathyroidism, which would
lead to a decrease in renal tubular reabsorption of phosphate
[1, 3]. Both will cause a relative phosphate-deficient state and,
thus, suppression of osteocyte production of FGF23 [4, 6].
Correction of vitamin D deficiency will improve intestinal
phosphate absorption and reverse secondary hyperparathy-
roidism, resulting in normalization of phosphate status and,
subsequently, serum FGF23 concentration. This explanation
is also supported by the fact that eight of the nine included
studies reported a decrease in serum PTH concentration after
vitamin D3 supplementation [11-18]. Theoretically, second-
ary hyperparathyroidism seen in vitamin D-deficient individ-
uals should accelerate urinary phosphate loss, giving rise to
hypophosphatemia. However, serum phosphate concentration
of vitamin D-deficient individuals is usually within the normal

0. SE(SMD) .
0.1+ |
o
0.2+ o
o © ©
0.3+ :o o
0 O
o
0.4+ !
\ SMD
0.5 : : : :
-2 -1 0 1 2

Fig. 4 Funnel plot of the meta-analysis of change in serum intact FGF23 concentration after oral vitamin D3 supplementation in vitamin D-deficient

patients
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range. One potential explanation is related to this suppression
of FGF23 production, resulting in compensatory decreased
urinary phosphate excretion [24].

In addition, it is worth noting that in vivo studies have
demonstrated that PTH can directly stimulate osteocytic
production of FGF23 by activating nuclear receptor-
associated protein-1 to induce FGF23 transcription [7].
Therefore, the lower level of PTH as a result of treatment
of vitamin D deficiency could theoretically decrease the
concentration of FGF23. However, the current meta-
analysis found an increase in serum FGF23 after vitamin
D supplementation, suggesting that change in phosphate
status or change in cellular/tissue concentration of
1,25(0OH),D in osteocyte plays a more vital role to regu-
late level of FGF23 concentration than the direct effect of
PTH.

Since the physiologic effect of vitamin D, (ergocalciferol)
on calcium and phosphate metabolism is very similar to vita-
min D3 [25], it is possible that prescribing vitamin D, to vita-
min D-deficient patients would also increase osteocytic pro-
duction of FGF23. In fact, increased serum FGF23 concentra-
tion after treatment with vitamin D, has been observed by
some interventional studies although the number of included
participants was relatively small [26, 27].

This systematic review and meta-analysis has some
limitations and the results must be interpreted with cau-
tion. First, there was some between-study heterogeneity in
the intact FGF23 analysis which was probably due to the
difference in dosage, frequency, and duration of vitamin D
supplementation across the included studies. Second, the
analysis did not have comparators and, therefore, we can-
not be certain that the change in serum FGF23 concentra-
tion was a result of vitamin D3 supplementation. It is still
possible that serum FGF23 concentration will spontane-
ously increase over time without any intervention. This
particular concern exists for studies that included partici-
pants with chronic kidney disease and end-stage renal
disease [11, 14] as serum FGF23 in those participants
might increase because of their declining renal function
and worsening phosphate retention over time [28].

In summary, this study found that vitamin D3 supplemen-
tation leads to a significant increase in serum intact FGF23
among patients with vitamin D deficiency. An increase in
serum C-terminal FGF23 was also observed although the
number of included studies was too small to demonstrate sta-
tistical significance.
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