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Abstract

Background/Aims: Hemodialysis (HD) patients often have inadequate nutrition, especially
with respect to ascorbic acid (AA). It is reported that every HD session may cause a 50%-—
75% decrease in plasma AA levels. Some studies have shown that supplementation of AA
can change the outcome of chronic kidney disease-mineral bone disorders (CKD-MBD), but
the effect of AA on HD patients with CKD-MBD remains controversial. Consequently, we
decided to perform a meta-analysis to evaluate the efficacy of AA supplementation in CKD-
MBD patients requiring dialysis. Methods: A search was conducted using Pubmed, EMBASE,
Cochrane Central Register of Controlled Trials, Chinese National Knowledge Infrastructure
(CNKI), Wanfang database and VIP information database up to April 2018 for all English and
Chinese language publications. The main indicators of our study were changes in serum
phosphate (P), calcium (Ca) and parathyroid hormone (PTH) levels after AA treatment. The
efficacy of AA was evaluated by weighted mean difference (WMD) and confidence intervals
(CI). Cardiovascular events, mortality and adverse events reported during the experiment were
also noted. Results: In total, 371 patients in six studies were involved in this meta-analysis.
Compared to placebo, AA treatment had no positive effect on serum P (353 patients; WMD =
-0.05; 95% (I, -0.3 to 0.2; > = 28%) or PTH levels (275 patients; WMD = -17.04; 95%(Cl, -63.79
to 29.72; I? = 75%). The pooled mean difference of the change of Ca levels from baseline was
higher in the AA therapy group versus placebo (353 patients; WMD = 0.15; 95% CI, 0.01 to 0.3;
2 = 0%). No side effects were observed. Conclusion: Our systematic review and meta-analysis
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does not support prescription of AA to HD patients with CKD-MBD. AA had no positive effect
on CKD-MBD patients as it couldn't influence the serum P or PTH levels but did raise serum

Ca levels in the short-term. © 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Over recent decades, chronic kidney disease (CKD) has become a heated public health
problem globally as it affects almost 10%-15% of adults worldwide [1]. In 2010, about 1.9
million CKD patients received dialysis because it is an effective treatment for renal failure,
greatly improving quality of life [2]. Unexpectedly, the mortality of CKD patients receiving
dialysis is 6.1-7.8 times higher compared with the general population [2, 3], with those
CKD patients who had higher levels of serum calcium (Ca), phosphate (P), and parathyroid
hormone (PTH) being particularly at increased risk of death [4-8].

CKD often manifests as Ca and P metabolism disorder and hyperparathyroidism,
promoting the development of chronic kidney disease-mineral bone disorders (CKD-MBD)
including cardiovascular disease (CVD) and renal osteodystrophy [9-12]. CVD is the main
cause of deathamong hemodialysis (HD) patients [13]. Moreover, most older HD patients have
secondary hyperparathyroidism (SHPT), which is also one of the adverse complications of
CKD, and is characterized by high serum PTH with parathyroid gland hyperplasia, ultimately
causing mineral metabolism disorders [14]. Meanwhile, calciphylaxis is mainly observed
among CKD patients receiving dialysis [15], and both uremic and non-uremic calciphylaxis
are relevant to the significant morbidity and mortality [16].

Consequently, effective control of the levels of serum Ca, P and PTH in CKD patients
with HD is important [17]. The Guidelines provided by Kidney Disease: Improving Global
Outcomes (KDIGO) suggests that treatments for CKD-MBD, for patients with CKD G3a-G5D,
should take into consideration the serial assessments of serum P, Ca, and PTH concentrations
together (not graded) [18]. Nevertheless, treatment of CKD-MBD remains challenging,
as clinicians are supposed to consider multiple biochemical markers while the effects of
varied therapies on these markers are complicated and one drug intended to improve one
parameter is likely to have unexpected effects on other parameters [19, 20].

Long-term HD leads to ascorbic acid (AA) deficiency in CKD patients. It is reported that
every HD session may cause a 50%-75% decrease in plasma AA levels [21]. Some studies
have reported that AA affects activity of the PTH receptor [22] and calcium-sensing receptor
(CaSR) of the parathyroid gland [23], and increases the sensitivity of osteoblasts and other
PTH target organ systems to PTH. Furthermore, AA plays a key role in the metabolism of
vitamin D and the binding process between vitamin D and its target organs [24], which can
affect PTH by regulating calcium ion concentration. Due to its anti-inflammatory functions,
AA can reduce the expression of inflammatory factors and further affect blood P levels [25].
Consequently, in recent years, some scholars have begun to pay attention to the study of AA
effects on CKD-MBD of dialysis patients. Richter et al. proposed that serum AA levels showed
an inverse correlation with PTH levels among patients with AA deficiency [26]. However, no
consensus has yet been reached on the effect of AA in CKD-MBD patients receiving HD. Xie
et al. concluded that Vitamin C dialysate could certainly delay and reduce the occurrence of
SHPT by affecting bone circulation to regulate serum ALP concentration [27]. Baradari et al.
also implied that intravenous (IV) injection of AA effectively reduced the serum P levels in
HD patients, which seemed to alleviate CKD-MBD|[28]. However, Deira et al. drew a different
conclusion from a prospective and randomized trial over 6 months, finding that with IV AA,
serum PTH levels saw a reduction within 3 months but bounced back beyond 3 months
[29]. Biniaz et al. also demonstrated that the effect of AA on improving SPTH could not be
confirmed during their trial among 82 HD patients, indicating that AA may have no benefit
to HD patients with CKD-MBD[30]. In a study by Richter, the therapeutic effect of prescribing
AA to treat SHPT could still not be confirmed [26].
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As the effect of ascorbic acid on HD patients with CKD-MBD remains controversial,
we decided to perform a meta-analysis to evaluate the effect of AA supplementation in the
treatment of CKD-MBD patients requiring dialysis.

Materials and Methods

Study Design

The present systematic review and meta-analysis was conducted according to a prespecified registered
protocol [31] and the Preferred Reporting Items for Systemic Reviews and Meta-analyses (PRISMA)
guidelines.

Data Sources and Search Strategy

A search was conducted using Pubmed, EMBASE, Cochrane Central Register of Controlled Trials,
Chinese National Knowledge Infrastructure (CNKI), Wanfang database and VIP information database up to
April 2018 for all English and Chinese language publications. The following terms were used to search the
literature: (“Ascorbic Acid” OR “AA” OR “Vitamin C”) AND (“Dialysis” OR “Hemodialysis” OR “Hemodialyses”
OR “HD” OR “Renal Replacement Therapy”) AND (“Parathyroid hormone” OR “Chronic kidney disease-
mineral bone disorders” OR “Hyperparathyroidism” OR “PTH” OR “CKD-MBD” OR “SHPT"). The reference
list of each publication was also scanned in order to identify additional literature about this topic.

Selection Criteria

Inclusion Criteria were: (i) patients: adult (218 y) long-term HD patients; (ii) study design: randomized
controlled trial; (iii) outcomes: the studies involved should report at least one outcome of interest; (iv)
intervention: the intervention group received AA treatment, while the comparison group received placebo
therapy or standard care only.

Exclusion Criteria: Duplicate publications, abstracts, reviews, case reports, comments or editorials,
studies without a control group or those not reporting AA treatment with relevant scales as the outcome
measures, studies with statistical mistakes, or studies with incomplete data and cell or animal experiments.
In the case of multiple publications from the same population, we included the most recent publication.

Data extraction

Data were extracted independently by two investigators and exported to an Excel database. The
following items recorded for each study were extracted: first author, year of publication, study design, mean
and SD of AA, mean and SD of Ca, mean and SD of P, dosage of AA, time point of measurement, treatment
duration, and method of administering AA. The P and Ca concentration data were all expressed in mg/dL
(if the P or Ca data were presented as mmol/L, they were converted to mg/dL by multiplying by 3.097 or
4.008 respectively), and the PTH data were expressed as pg/mL (if the data were presented as ng/L, they
were converted to pg/mL).

Quality assessment

For the randomized controlled trials, we used the Cochrane collaboration risk of bias (ROB) tool to
examine study validity. The overall risk of bias of a study was considered “low” if more than four items were
rated as “low risk” by the Cochrane collaboration ROB tool. The overall risk of bias of a study was considered
“moderate” if two or three items were rated as “low risk” by the Cochrane collaboration ROB tool. The
overall risk of bias of a study was considered “high” if fewer than two items were rated as “low risk” or if
more than one item was rated as “high risk” by the Cochrane collaboration ROB tool.

Outcome Measures

In 2017, control of the P, Ca and PTH levels was considered equally important in the new KDIGO CKD-
MBD guide [18]. Therefore, the main indicators used in our study were the changes of serum P, Ca and PTH
levels after AA treatment. Cardiovascular events, mortality and adverse events reported in the publications
were also recorded.
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Statistical analysis

In our study, P, Ca and PTH concentrations were considered as continuous data, and the combined
effect sizes utilized WMD. We estimated the amount by which the AA changed the outcome on average in
comparison with the placebo. We used a fixed effects or random effects model because it takes into account
the heterogeneity across studies and the I? statistic was used to assess heterogeneity. Depending on whether
I? was <50% or >50% to <75% or 275%, heterogeneity was considered low, moderate or high respectively.
Pre-stratified subgroup analysis was performed to investigate possible sources of heterogeneity, including
the time of measurement and the methods of administration. The presence of publication bias was also
evaluated using Egger’s tests. All analyses were performed using Stata 12.0 and RevMan 5.3. We considered
statistical significance as P < 0.05.

Results

Search Results

The search strategy identified 91 citations: Pubmed: n = 29, Embase: n = 7, Cochrane
Central Register: n = 5, CNKI: n = 5, Wanfang: n = 38, and VIP information: n = 6. Twelve
duplicate articles were excluded and 79 articles remained for screening. After examining
the title and abstract in more detail, a further 60 were excluded, and after reading the full
text, 13 articles were excluded because of lack of necessary data. Eventually, six studies were
included in this meta-analysis [27-30] [32, 33]. The selection process used to identify the
studies is shown in Fig. 1.

Study characteristics

The main characteristics of the six studies included are shown in Table 1. All studies
were RCTs and involved a total of 371 participants. Patients of six studies had a long-term HD
history, and the intervention groups received AA treatment while the control groups received
placebo therapy or standard care only. Based on the quality assessment of Cochrane, four
studies were at low risk of
bias while the other two
were at moderate risk, as CNKI database (1=5); I additional records identified
shown in Table 2. o through other sources
Embase database (n=7);

Association Of AA Cochrane database (n=5);

therapy with P levels Pubmed database (n=29);

Five studies evaluated Wangfang database (n=38);
the association between VIP information database (n=6).
AA therapy and serum l
concentration of P
(random effects model: 9i tf“‘?“;sat;s;:e‘isf:dd‘_hf:"gh
WMD =-0.05; 95% CI, -0.3 ereone e
to 0.2; P = 0.69; Fig. 2). ' l
However, heterogeneity
was detected between 79 records assessed after 60 articles excluded according
studies (2 = 28%; Fig. similar  and  reduplicate to title or abstract
2). Moreover, the results sudies emoved
of subgroup analyses |
also showed that none of
the subgroups revealed
significant efficacy of AA on l
P levels with differences in
the time of measurement
(Fig. 2a, Table 3) or the
method of administration Fig. 1. Flow diagram illustrating the selection of studies for this meta-

(Fig. 2b, Table 3). analysis.

13 studies without complete
data excluded according to
reading the full article

19 articles assessed for
eligibility

[ 6 studies included finally J
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Table 1. Characteristics of included studies. Data shown as mean [SD]. Abbreviations: AA: ascorbic acid,
Con: Control, PTH: parathyroid hormone (pg/mL), Ca: calcium (mg/dL), P: phosphate (mg/dL), DC: dialysis
concentration (mg/L), RCT: randomized controlled trial, CKD: chronic kidney disease, ESRD: end-stage
renal disease

Articles were

writtenin  Measurement  Male sex CKD o

Type

Study Region of Intervention Control o hh or S (AA, Comy ABS(ears) o Participants  Baseline laboratory data (AA, Con)
study . (AA, Con)
Chinese
300 mg of intravenous vitamin C

Attaliah M8 ¢ g PTH: 308 [67], 311[76.8];
etal North — pep  administered atthe end of each 5 o) English 6months  45%48% ASUATL pepp 20,21 Ca: 9.4[0.7], 9.5[0.5];
(2005)  America hemodialysis session (total of Con 49[5.9] P 51[04],5 [0.6]

900 mg/wk) for 6 months R o

. vitamin C vial (500 mg/5 cc)
Baradari v ‘. > M8/ PTH: 201.6 [115.6], 198.5 [120.3];
etal Iran RCT ‘“;i‘;e';vz‘fk';';‘:;: :;‘;:fae‘;";fk fslz’l:";be'; English 8 weeks 59%,48% é\ol‘"zoll[lé]] ESRD 29,29 Ca:8.24[0.75], 8.34[0.9];
(2012) art ! P:6.11 [2.1], 6.02 [2.37].
hemodialysis session
. 250 mg vitamin C was injected - .
Biniaz S PTH: 699.8[318.85], 596.03[410.3];
etal Iran  RCT ““t;z ‘e‘:‘:f)fe‘:’;f';g;:f d“"i’jei‘ii at fi]c;be‘i English 8 weeks 549%,67% éﬁ‘ 201[[1121]] ESRD 37,39 Ca: 8.43(0.49), 8.37(0.71);
(2013) e 3 P: 6.008(1.76), 5.787(1.66).
session
Deira 200 mg of intravenous AA post AA 6022
etal Spain RCT dialysis 3 times/week for 6 Placebo English 6 months 78%,78% ESRD 99 PTH: 357 [321], 117 [86].
Con 60[15]

(2003) months
Xie 57 mg/L vitamin C in dialysate AA 63[10] PTH: 227.65 [11.32], 231.42 [13.2];
etal China RCT with 500 mL/min flow three Placebo Chinese 3 months 60%,53% Con 60[11] ESRD 42,40 Ca: 8.62[0.8], 8.66[0.56];
(2010) times a week for 3 months o P: 5.88[1.78], 5.67[1.77].
Li 57 mg/L viamin C in dialysate . .
ctal China  RCT with 500 mL/min flow three  Placebo  Chinese 3months  60%61% A1 pepp 47,49 Ca: 8.66[0.68], 8.62[0.48];

! Con 47[12] P: 7.28[0.96], 7.19[0.68].
(2011) times a week for 3 months
Table 2. Risk-of-Bias Assessment

Al . Blindi. f ici A f i F f
Study dequate randmln Allocation concealment inding of participants dequate assessment o Selectn./e outct?me ree of
sequence generation and personnel each outcome reporting avoided other bias

Attallah et al, 2006 Yes Yes No Yes Yes Yes
Baradari et al, 2012 Yes Yes Yes Yes Yes Yes
Biniaz etal, 2013 Yes Yes Yes Yes Yes Yes
Xie etal, 2010 Unclear Unclear Unclear Yes Yes Yes
Deira etal, 2003 Yes Yes Unclear Yes Yes Yes
Lietal, 2011 Unclear Unclear Unclear Yes Yes Yes

Association of AA therapy with Ca levels

Five studies evaluated the association between AA therapy and serum concentration
of Ca (fixed effects model: WMD = 0.15; 95% CI, 0.01 to 0.3; P = 0.03; Fig. 3). The pooled
mean difference of the change in Ca levels from baseline was significantly higher in the AA
therapy group versus placebo. No heterogeneity was detected between studies (I? = 0%);
Fig. 3). In addition, prespecified subgroup analysis was carried out according to the time
of measurement and the method of administration. Over 8 weeks, AA therapy significantly
elevated the levels of serum Ca (fixed effects model: WMD = 0.23; 95% CI, 0.03 to 0.42; P
= 0.02; I? = 0%; Fig. 3a), but the effects disappeared over 3-6 months (fixed effects model:
WMD = 0.07; 95% CI, -0.14 to 0.28; P = 0.49; I> = 0%); Fig. 3a, Table 3). Moreover, the results
of subgroup analysis indicated that different AA administration methods had no effect on
serum Ca levels (Fig. 3b, Table 3).

Association of AA therapy with PTH levels

Five studies evaluated the association between AA therapy and serum concentration
of PTH (random effects model: WMD = -17.04; 95%CI, -63.79 to 29.72; P = 0.48; Fig. 4).
Heterogeneity was detected between studies (/2 = 75%; Fig. 4). Moreover, the results of
subgroup analyses also showed that none of the subgroups revealed a significantly protective
effect of AA on PTH levels with differences in the time of measurement (over 8 weeks:
random effects model; WMD = 4.95; 95%CI, -51.52 to 61.41; P = 0.86; I? = 0.0%; over 3 to
6 months: random effects model; WMD = -26.42; 95%ClI, -83.5 to 30.67; P = 0.36; I> = 81%;
Fig. 4a, Table 3) or the method of administration (IV administration: random effects model;
WMD =-0.16; 95% CI, -31.74 to 31.42; P = 0.99; I> = 0%; Fig. 4b, Table 3), except for the study
by Xie et al. (2010) in which AA was administered via dialysate. However, only one study of
this type made it difficult to perform subgroup-analysis.
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Baradari 2012 498 1.97 29
Biniaz 2013 589 1.7 37
Subtotal (95% CI) 66

1.2.2 3-6 months after AA administration

Attallah 2006 49 06 20
Li 2011 7.31 068 47
Xie 2010 551 13 42
Subtotal (95% CI) 109

Test for overall effect: Z = 0.26 (P = 0.80)

Test for overall effect: Z = 0.40 (P = 0.69)

AA

1.3.1 Intravenous administration

Attallah 2006 49 06 20
Baradari 2012 498 1.97 29
Biniaz 2013 589 1.7 37
Subtotal (95% Cl) 86

Test for overall effect: Z = 0.86 (P = 0.39)

1.3.2 Dialysate administration

Li 2011 7.31 0.68 47
Xie 2010 551 13 42
Subtotal (95% CI) 89

Test for overall effect: Z = 0.32 (P = 0.75)
Total (95% Cl) 175

Test for overall effect: Z = 0.40 (P = 0.69)

Heterogeneity: Tau? = 0.00; Chi? = 0.12, df =2 (P = 0.94); > = 0%

Total (95% Cl) 175 178 100.0%  -0.05 [-0.30, 0.20] *
Heterogeneity: Tau? = 0.02; Chi? = 5.57, df = 4 (P = 0.23); I = 28% 2 1 5 1 2

Test for subgroup differences: Chi? = 0.96, df = 1 (P = 0.33), I?=0%

_Study or Subgroup _Mean SD Total Mean SD Total Weight IV. Random.95% Cl

Heterogeneity: Tau? = 0.19; Chi? = 4.95, df = 2 (P = 0.08); I2 = 60%

Heterogeneity: Tau? = 0.00; Chi* = 0.08, df =1 (P = 0.78); I = 0%

Heterogeneity: Tau? = 0.02; Chi? = 5.57, df =4 (P = 0.23); I = 28% T

Test for subgroup differences: Chi? = 0.85, df = 1 (P = 0.36), I’ = 0%

Control Mean Difference Mean Difference
oi 1V, Random, 95% Cl

6.2 2.02 29 5.6% -1.22 [-2.25, -0.19]

59 19 39 86% -0.01[-0.82, 0.80]
68 14.2% -0.57 [-1.75, 0.61]

Heterogeneity: Tau? = 0.51; Chi? = 3.29, df = 1 (P = 0.07); I = 70%

Test for overall effect: Z = 0.95 (P = 0.34)

—.-
49 05 21 315% 0.00 [-0.34, 0.34] e
725 074 49 37.9% 0.06 [-0.22, 0.34]
554 124 40 164%  -0.03[-0.58,0.52) iL
110 85.8% 0.03 [-0.18, 0.23]

Favours [AA] Favours [control]

Control Mean Difference Mean Difference
IV, Random, 95%Cl

49 05 21 315% 0.00 [-0.34, 0.34] —
62 202 29 56% -1.22[-225-019
59 19 39 86%  -0.01[-0.82,0.80] 1

89 457%  -0.28[-0.91, 0.35] —~—
725 074 49 37.9% 0.06 [-0.22, 0.34]
554 124 40 164%  -0.03[-0.58,0.52]

89 54.3% 0.04 [-0.21, 0.29]

178 100.0%  -0.05 [-0.30, 0.20] ’

2 -1 0 1 2

Favours [AA] Favours [control]

Fig. 2. Forest plots for P outcomes. No significant difference in P levels was seen between the AA therapy
groups and the control groups. (a) and (b) None of the subgroups revealed any significant effect of AA on P
with differences in the time of measurement or the method of administration. AA: ascorbic acid.

Side effects and

hospitalization

No side effects were
observed in our study. Two
patients did not complete
the study [29], one from
the AA treatment group
because of developing
miliary tuberculosis
and the other from the
control group because
a blood transfusion was
required. Data regarding
hospitalization were noted
in one study [32] with 12
hospitalizations in the
standard-care group and 11
hospitalizations in the AA
treatment group.

Table 3. Subgroup analysis of the effect of AA treatment on P, Ca and
PTH. Treatment effects were evaluated by weighted mean difference
(WMD) and confidence intervals (CI). The I? statistic was used to assess
heterogeneity. Abbreviations: AA: ascorbic acid, PTH: parathyroid
hormone, Ca: calcium, P: phosphate, NA: not applicable

Subgroup No. of Studies WMD (95% CI) P for Heterogeneity 12 No. of Patients
Measurement time after administration of AA (PTH)

3-6 months 3 -83.5 t0 30.67 <0.01 81% 141
8 weeks 2 -51.52to 61.41 0.87 0% 134
Administrative method (PTH)

Dialysate 1 -66.64 to -57.2 NA NA 82
Intravenous 4 -31.74 to 31.42 0.69 0% 193
Measurement time after administration (Ca)

3-6 months 3 -0.14t0 0.28 0.73 0% 219
8 weeks 2 0.03 to 0.42 0.56 0% 134
Administrative method (Ca)

Dialysate 2 -0.15to 0.49 0.95 0% 178
Intravenous 3 -0.01t0 0.31 0.36 2% 175
Measurement time after administration (P)

3-6 months 3 -0.18t0 0.23 0.94 0% 219
8 weeks 2 -1.75t0 0.61 0.07 70% 134
Administrative method (P)

Dialysate 2 -0.21t0 0.29 0.78 0% 178
Intravenous 3 -0.91 to 0.35 0.08 60% 175
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AA Control Mean Difference Mean Difference
i i % Cl IV, Fixed, 95% CI

2.2.1 8 weeks after AA administration
Baradari 2012 8.42 0.56 29 824 04 29 32.8% 0.18[-0.07,0.43] -T— =
Biniaz 2013 84 06 37 81 08 39 20.5% 0.30[-0.02,0.62] T o
Subtotal (95% CI) 66 68 53.3% 0.23[0.03, 0.42] -
Heterogeneity: Chi? = 0.34, df = 1 (P = 0.56); I> = 0%
Test for overall effect: Z = 2.26 (P = 0.02)
2.2.2 3-6 months after AA administration
Attallah 2006 95 05 20 95 04 21 26.7% 0.00 [-0.28, 0.28] N
Li 2011 8.98 1.16 47 8.8 0.96 49 11.3% 0.18[-0.25, 0.61]
Xie 2010 894 124 42 878 1 40 87% 0.16[-0.33,0.65] »
Subtotal (95% CI) 109 110 46.7% 0.07 [-0.14, 0.28] ———
Heterogeneity: Chi? = 0.63, df =2 (P = 0.73); I = 0%
Test for overall effect: Z = 0.69 (P = 0.49)
Total (95% CI) 175 178 100.0%  0.15[0.01, 0.30] e

W — - i —_ . i } }
?etfrfogenenyl.lcgl ,;0-5'2(112; :(_Po 0(;73).I 0% 05 025 0 0.25 05

esuioroveralienect e =« ( L ) Favours [AA] Favours [control]
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Fig. 3. Forest plots for Ca outcomes. The Ca increase from baseline was higher in the AA therapy groups
versus placebo. (a) Over 8 weeks, AA therapy significantly elevated the levels of serum Ca, but the effects
disappeared over 3-6 months. (b) The results of subgroup analysis indicated that different AA administration
methods had no effect on serum Ca. AA: ascorbic acid.

Publication bias

We conducted Egger’s linear regression test to assess publication bias, and the P values
for Egger’s test were 0.16 for P data, 0.77 for Ca data and 0.02 for PTH data, which suggested
a low likelihood of publication bias except for PTH. A bias assessment plot is shown as Fig. 5.
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Fig. 4. Forest plots for PTH outcomes. No significant difference in PTH levels was seen between the AA
therapy groups and the control groups. (a) and (b) None of the subgroups revealed any significant effect
of AA on PTH with differences in the time of measurement or the method of administration, except for
the study by Xie et al. (2010), because only one study made it difficult to perform subgroup-analysis. AA:
ascorbic acid.

Discussion

Results of this systematic review and meta-analysis of six studies suggested that AA
has no positive effect on CKD-MBD patients requiring HD. AA showed no significant effect
on either serum P or PTH levels no matter whether the study was short-term or long-term.
However, AA might raise serum Ca levels, but higher Ca levels are linked to higher mortality
and increased risk of cardiovascular events [34-36].

Undoubtedly, there was some heterogeneity among the studies included. To avoid the
influence of heterogeneity, this systematic review and meta-analysis analyzed the sources
of heterogeneity, and found it mainly came from the length of follow-up and the method of
administering the AA supplement.

The results of this systematic review and meta-analysis do not warrant the use of AA in
HD patients who have developed CKD-MBD. Our meta-analysis included data from 371 HD
patients extracted from six studies. While the effects of AA on serum PTH levels varied from
mild to moderate, the weight of the scientific evidence suggests that AA is irrelevant with
respect to the PTH decline observed in HD patients. Meanwhile serum P levels also did not
show any significant change with the administration of AA. In contrast, AA was associated
with a slight but statistically significant increase of serum Ca concentration among the
patients analyzed. In subgroup analysis, we noted that intravenous administration of AA had
no effect on serum PTH or P concentration while dialysate administration of AA obviously
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promotes the absorption of
vitamin D and Ca from food.
However, this effect on Ca
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[11, 12, 34-36]. Data from  Fig, 5. Bias assessment plot for the effect of AA on P, Ca and PTH by
the Dialysis Outcomes and  Egger’s test. AA: ascorbic acid.

Practice Patterns Study

(DOPPS) among patients

on hemodialysis for over 6 months suggested a higher risk of cardiovascular and all-cause
mortality in patients with Ca concentrations over 10 mg/dL, P levels over 7 mg/dL, and PTH
concentrations over 600 pg/mL[4, 34]. Two studies implicated hypercalcemia in higher risk
of death, all-cause mortality, CVD mortality and CVD events in HD patients [5, 37]. Another
study by DaVita Dialysis Clinics concluded that hypercalcemia was an indicator of increased
death risk [7]. Consequently, AA increasing Ca levels may be a risk factor in CKD-MBD
patients as it will increase the risk of cardiovascular events and death.

Ott et al. reported a case in which a bone biopsy was performed on a patient who had
been receiving hemodialysis for 23 years which suggested that high doses of vitamin C
might be associated with bone oxalate deposition [38]. Once AA is absorbed in the human
body, it will be metabolized to oxalate, which provides conditions for the development of
hyperoxalemia and oxalate deposition. Zazgornik et al. proposed that CKD patients with
HD should avoid high doses of AA due to the risk of hyperoxalemia [39]. Intravenous AA

standardized effect
o
1

Egger's publication bias plot

o
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supplementation may be one of the factors causing hyperoxaluria and oxalate nephropathy
which may cause deterioration of kidney function and ultimately, renal failure [40]. Thus,
potential complications must be taken into consideration when prescribing AA for CKD
patients.

Higher acid load and acidosis is linked to increased serum phosphorus levels and
elevated phosphaturia, which are not in accordance with Fibroblast growth factor 23
(FGF23) or serum PTH levels, which may be a compensatory mechanism to maintain acid-
base homeostasis in CKD patients by excreting the titratable acid [41]. AA, also known as
vitamin C, is a slightly weak organic acid and this means that the intake of AA may raise
the serum P levels and lead to the phenomenon of phosphaturia, which may progressively
worsen homeostasis disturbances.

Data from 185, 277 HD patients in Japan showed that higher serum alkaline phosphatase
(ALP) levels were associated with mortality [42]. It was likewise advised that ALP levels
were more consistent with mortality than PTH, Ca and P concentrations [43, 44]. Moreover,
bone-specific alkaline phosphatase (bALP) is still considered valuable as a marker of bone
turnover [18] because bALP contributes to the diagnosis, fracture risk prediction and
fracture prognosis of CKD-MBD patients. Sardiwal et al. also recommended utilizing bALP as
a substitute or supplementary method to reflect the condition of CKD patients and predict
their prognosis [45]. FGF23 is another important biomarker for CKD-MBD[18, 46], it not only
changes our understanding of CKD-MBD, but also reveals the complex series of interactions
and endocrine negative feedback loop between kidney, parathyroid, small intestine and bone.
FGF23 is also strongly associated with mortality in patients with CKD[47]. In summary, ALP,
bALP and FGF23 should be included as important parameters to more precisely reflect the
outcomes in CKD-MBD patients.

There are several limitations to this systematic review and meta-analysis. The short-
term follow-up and small number of patients restricted our meta-analysis. The PTH assays
used in the original studies were not able to distinguish bioactive non-oxidized PTH from
oxidized PTH which is not a ligand of the PTH receptor. The likelihood of publication bias
regarding P and Ca is low, while there is the possibility of publication bias regarding PTH, but
the small number of included studies (<10) limits our power to properly assess publication
bias. Consequently further studies are needed to verify our conclusions. In addition, different
experiments had different designs and the condition of patients also differed, which is
another limitation. Thus, further research with a large number of patients and long-term
follow-up as well as appropriate controls is needed in the future. Moreover, in order to obtain
more accurate parameters and better observation, it will be better to dynamically detect the
parameters as they are affected by various factors such as diets, drugs, circadian rhythm
and the intake of Vitamin D. Finally, as in many meta-analyses, we were limited by the data
manifested in the original studies.

Conclusion

Our systematic review and meta-analysis did not support the prescription of AA to
HD patients with CKD-MBD. AA had no positive effect on CKD-MBD patients as it could not
influence the serum P or PTH levels but did raise serum Ca levels in the short-term.
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