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Abstract N\
Background: Recent evidence has shown that nicotinamide treatment may have an impact on phosphorus metabolism in |
hemodialysis patients. Nevertheless, the treatment remains controversial. This study aimed to precisely estimate the efficacy and
safety of nicotinamide on phosphorus, calcium and iPTH in hemodialysis patients.

Methods: \We searched numerous information sources regarding randomized controlled trials (RCTs) of nicotinamide treatment in
hemodialysis patients, including PubMed, EMBASE, and the Cochrane Library.

Results: Nine relevant studies (n=428) were included in the meta-analysis. Meta-analysis showed that levels of serum phosphorus
(SMD —1.06; 95% CI, —1.27 to —0.85, P<.001), parathyroid hormone (SMD —1.09; 95% ClI, —1.49 to —0.70, P<.001), and
calcium—-phosphorus (SMD —0.65; 95% ClI, —0.97 to —0.34, P <.001) in the nicotinamide group were significantly lower than those
of the control group. There was no significant difference in the levels of serum calcium (SMD 0.08; 95% Cl, —0.15 to 0.30, P=.51)
between the groups. The meta-analysis showed that the nicotinamide group had a significantly higher risk of adverse events (OR
3.99; 95% Cl, 1.94-8.23, P <.001) than did the control group, especially for thrombocytopenia (OR 49.00; 95% ClI, 2.68-897.36,
P=.009). However, no serious adverse reactions were observed. There was no significant difference in the incidence of withdrawal
(OR 3.51; 95% CI, 0.49-25.00, P=.21) between the groups.

Conclusion: Evidence to date clearly indicates that nicotinamide is safe and effective for improving phosphorus metabolism in
hemodialysis patients. However, nicotinamide probably causes thrombocytopenia. Further large-sample size, high-quality RCTs are
needed.

Abbreviations: Cl = confidence interval, CKD = chronic kidney disease, ESRD = end-stage renal disease, HDL = high density
lipoprotein, iPTH = parathyroid hormone, K/DOQI = Kidney Disease Outcome Quality Initiative, LDL = low density lipoprotein, NaPi-
2a = type-2a sodium-dependent phosphate cotransporters, NaPi-2b = type-2b sodium-dependent phosphate cotransporters, RCT

= randomized controlled trial, RR = risk ratio, SMD = standard mean difference, TC = total cholesterol, TG = triglyceride.
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1. Introduction

Hyperphosphatemia is a common complication of end-stage
renal disease (ESRD) and is an independent risk factor for
increased mortality in dialysis patients.!! A study found that
long-term hyperphosphatemia can aggravate renal osteodys-
trophy, vascular calcification, and other cardiovascular diseases
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in ESRD patients. When the phosphorus level increased 0.323
mmolL™!, the risk of death increased by 18%.*! Hyper-
phosphatemia seriously affects quality of life and survival rates
in dialysis patients. Proper control of phosphorus has long been a
dilemma for nephrologists. Only relying on dietary control and
dialytic clearance to maintain phosphorus balance is often
unsuccessful in achieving satisfactory results; therefore, there is a
need to find effective oral phosphorus-lowering drugs.

Phosphorus-binding agents are the primary medications for the
treatment of hyperphosphatemia. However, the representative
calcium-phosphorus binding agents including calcium carbonate
often cause hypercalcemia, the cause of increased risk of
cardiovascular calcification and death in dialysis patients.
Therefore, the Kidney Disease Outcome Quality Initiative (K/
DOQI) recommends that dialysis patients with hypercalcemia use
noncalcium phosphorus binding agents such as phosphorus-
lowering drugs.”®’ Aluminum-based phosphorus binders can
cause the accumulation of aluminum in vivo.

Sevelamer and lanthanum carbonate have been marketed for
phosphorus reduction in recent years. Sevelamer has been
associated with reduction in LDL cholesterol as well. However,
they can cause gastrointestinal adverse reactions and the
accumulation of lanthanum in the body, respectively. In addition,
high price greatly limits their application. There is an urgent need
to find effective, safe, and affordable phosphate-lowering drugs
for hemodialysis patients. In recent years, it has been found that
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the traditional lipid-lowering drug nicotinic acid reduces
phosphorus while treating hyperlipidemia.l*® However, the
representative calcium-based phosphorus binding agents such as
calcium carbonate often cause hypercalcemia, further contribut-
ing to increased risk of cardiovascular calcification and death in
dialysis patients. In this study, we conducted a comprehensive
meta-analysis of nicotinamide to further explore its efficacy and
safety for treatment of hyperphosphatemia in patients on dialysis.

1.1. Search strategy

Two researchers (YZ and PZ) performed a comprehensive
literature search and 8 relevant studies were obtained that
conformed to all eligibility criteria. To ascertain all relevant RCTs
regardless of publication status, we searched the electronic
databases PubMed, EMBASE, Cochrane Library until February
6, 2018. The following keywords were used: “niacinamide
amide,” “nicotinic acid,” “nicotinamide,” “niacinamide amide,”
“phosphorus,” “phosphate,” “dialysis.” Reference lists from the
identified studies were incorporated to enrich the study.

» «

1.2. Selection criteria

Two authors (YZ and TM) independently carried out the primary
review to search for trials that met inclusion criteria. Any
discrepancy was resolved by discussion and consensus (Fig. 1).
The following criteria were used: the study design was an RCT;
the study focused on patients undergoing regular hemodialysis or
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peritoneal dialysis treatment, with serum phosphorus >1.5
mmol/L; the experimental group received nicotinamide treat-
ment, and the control group received placebo treatment,
treatment time >1 month; and one of the following outcomes
must have been included: serum calcium, phosphorus, calcium X
phosphorus products, iPTH levels, and observed and recorded
adverse reactions. Main characteristics of the included studies are
listed in Table 1.

1.3. Risk of bias assessment

The quality of all trials was evaluated independently by 2 authors
(YZ and TM) according to the Cochrane quality criteria
(Table 2). Any disagreement between the authors (YZ and PZ)
was settled by discussion with a third author (TM). Ethical
approval is not required because this protocol will not involve
any subject directly.

1.4. Statistical analysis

Stata 12.0 (StataCorp LP, College Station, TX) was used to
perform statistical analyses. The risk ratio (RR) with its 95%
confidence interval (CI) was used for the effect size of
dichotomous data. Standard mean differences (SMDs) with their
95% ClIs were computed for continuous data. The weighted
fixed-effect model was used if there was no significant
heterogeneity. Otherwise, the random-effects model was used.
Heterogeneity was analyzed statistically by I* and x* statistics.
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Figure 1. Flow chart of included studies in the meta-analysis.
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Main characteristics of the included studies.

Sample Age Intervention
Study Country Design N P N P N P Follow-up, wk
Cheng et al® American  Crossover 33 33 526 52.6 Nicotinamide 250~750mg Placebo 250-750mg 8
twice daily twice daily
Tang!”! China Parallel arm 14 14 No detail Nicotinamide 250 mg Placebo 500-750mg 8
twice—thrice daily twice—thrice daily
Young et al® American  Parallel arm 7 7 51.1+£103 557+11.8 Nicotinamide 250-750mg Placebo 250-750 mg 8
twice daily twice daily
Shahbazian et al” Iran Parallel arm 24 24  54.0+16.6 54.0+11.1 Nicotinamide 500-1000mg daily ~Placebo 500-1000mg daily 8
Edalat-Nejad et al'”  Iran Crossover 37 37 57 +11 57 +11 Nicotinamide 400-1000mg daily ~ Placebo 400-1000mg daily 8
Shahidil"™ Czech  Parallelam 21 19 No detail Nicotinamide 500~1500myg daily ~ Placebo 500~1500myg daily 8
Wang et all'? China Parallelarm 30 30 51.9+153 52.0+15.4 Nicotinamide 250mg thrice daily ~ Placebo 250 mg thrice daily 24
Zahed et al"® Iran Parallelarm 35 35 50.5+14.3 Nicotinamide 25-100mg daily ~ Placebo 25-100mg daily 12
Aramwit et all'¥ Thailand ~ Parallelarm 14 14 455+115 49.4+10.9 Nicotinamide 375-1000mg daily ~Placebo 3751000 mg daily 12

N=nicotinamide, P=placebo.

The critical value for homogeneity was a P-value less than .05.
Sensitivity analysis was assessed by omitting each study in turn to
evaluate the consistency and quality of the results through
STATA 12.0. If there was significant heterogeneity, publication
bias was assessed by Begg’s plots and Egger’s test.

Heterogeneity was categorized as follows: low when the I*
statistic was 0% to 25%; medium at 25% to 50%; high at 50%
to 75%; and powerful at 75% to 100%."*IP values were
determined using the x* test; results were considered statistically
significant at P <.05 for all included studies.

2. Results

2.1. Study selection

We identified 545 articles in the initial retrieval. Of these, 87
duplicate articles were excluded after carefully examining the titles
and abstracts. When evaluated in detail, 446 articles were excluded
because 156 were case reports or reviews, 185 were basic research
and 105 were noncontrolled studies. The remaining 11 articles
were reviewed for further selection. An additional 3 articles were
excluded for insufficient data. Finally, 9 studies (n=428) were

included in this meta-analysis, as listed in Table 1. Our search
strategy is described in the flow diagram (Fig. 1).

Main characteristics of the RCTs (country, design, sample size,
age, intervention, and flow-up) included are described in Table 1.

2.2. Effects on mineral metabolism parameters

Serum phosphorus value in the nicotinamide group was
significantly lower (SMD —1.06; 95% CI, —1.27 to —0.85,
P<.001, ’=79%, Fig. 2) than that in the control group. No
significant difference in serum calcium level was observed
between the 2 groups (SMD 0.08; 95% CI, —0.15 to 0.30,
P=.51, ’=12%, Table 3). Ca x P level in nicotinamide group
was also significantly lower than that in the control group (SMD
—0.65; 95% CI, —0.97 to —0.34, P<.001, [*=21%, Table 3).
The iPTH level in nicotinamide group was significantly lower
than that in the control group (SMD —1.09; 95% CI, —1.49 to
—0.70, P<.001, I*=0%, Table 3).

2.3. Serum lipid profile

The treatment group had significant higher HDL (SMD 0.72;
95% CI, 0.30-1.14, P<.001, I*=40%, Table 3) than did the

Risk of bias in published randomized control trials.

Random sequence  Allocation Blinding of participants Blinding of Incomplete Selective  Other

Study generation concealment and personnel outcome assessment outcome data reporting bias Score

Cheng et al uc Low risk Low risk Low risk Low risk (loss to Low risk Low risk 6
follow-up: 9/44)

Tang?” uc uc Low risk Low risk Low risk (loss to Low risk Low risk 5
follow-up: 0)

Young et al® Low risk Low risk Low risk Low risk Low risk (loss to Low risk Low risk 7
follow-up: 0)

Shahbazian et al” uc uc Low risk Low risk Low risk (loss to Low risk Low risk 5
follow-up: 0)

Edalat-Nejad et al'”  UC Low risk Low risk Low risk Low risk (loss to Lowrisk  Lowrisk 6
follow-up: 10/47)

Sharzad 20111 uc uc Low risk Low risk uc Low risk Low risk 4

Wang et all'? Low risk uc Low risk Low risk uc Lowrisk  Lowrisk 5

Zahed et all" uc Low risk Low risk Low risk Low risk (loss to lowrisk  Lowrisk 6
follow-up: 0)

Aramwit et all'¥ uc Low risk Low risk Low risk Low risk (loss to Low risk Low risk 6

follow-up: 11/60)

UC=unclear.
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Figure 2. Forest plot of serum phosphorus of nicotinamide versus placebo in hemodialysis patients.

control group. However, there was no significant difference
between the 2 groups in terms of LDL (SMD 0.02, 95% CI,
—0.30 to 0.33, P=.91, ’=0%, Table 3), TC (SMD, 0.39, 95%
CI, —0.04 t0 0.81, P=.07, I’=0%, Table 3), or TG (SMD 0.03;
95% CI, —0.28 to 0.35, P=.84, *=0%, Table 3).

2.4. Adverse events

All of the studies reported adverse events during treatment. No
significant difference was found in adverse events between the
nicotinamide group and the control group in terms of diarrhea
(RR 7.00; 95% CI, 0.89-55.02, P=.06, [’=0%, Table 4),
pruritus (RR 15.00;95% CI, 0.89-253.47, P=.06, Table 4), rash

(RR 3.00; 95% CI, 0.33-27.28, P=.33, I*=0%, Table 4),
gastrointestinal symptoms (RR 4.00; 95% CI, 0.46-34.95,
P=.21, Table 4), or flushing (RR 1.67; 95% CI, 0.41-6.73,
P=.47,I>=0%, Table 4). However, the nicotinamide group had
a higher risk of thrombocytopenia (RR 2.82,95% CI, 1.14-6.94,
P=.02, I*=48%, Table 4). Overall, the adverse events were mild
or tolerable.

2.5. Sensitivity analysis and publication bias

There was significant heterogeneity in serum phosphorus (I*=
79%). Sensitivity analysis was conducted to ascertain the
influence of each individual study by omitting individual studies.

Calcium phosphorus and lipid metabolism of nicotinamide versus placebo in hemodialysis patients.

Effects model Heterogeneity
Mineral metabolism SMD (95% Cl) P b P P (%)
Calcium 0.08 [—0.15 t0 0.30] 51 5.69 34 12
CaxP —0.65 [—0.97, —0.34] <.001 3.79 28 21
iPTH —1.09 [—1.49, —0.70] <.001 1.73 42 0
HDL-C 0.72 [0.30, 1.14] <.001 5.04 17 40
LDL-C 0.02 [-0.30, 0.33] 91 0.11 99 0
TC 0.39 [-0.04, 0.81] 07 0.33 56 0
16 0.03 [-0.28, 0.35] 84 1.26 53 0

Cl=confidence interval, HDL=high density lipoprotein, iPTH= parathyroid hormone,

4

LDL=low density lipoprotein, SMD =standard mean difference, TC=total cholesterol, TG =triglyceride.
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Adverse events of nicotinamide versus placebo in haemodialysis patients.

Adverse events Effects Model Heterogeneity
Parameter N/P SMD (95% Cl) P b P P (%)
Flushing 3N 1.67 [0.41, 6.73] A7 1.46 .69 0
Thrombocytopenia 15/5 2.82 [1.14, 6.94] .02 1.93 16 48
Diarrhoea 6/0 7.00 [0.89, 55.02] .06 0.08 .78 0
Rash 2/0 3.00 [0.33, 27.28] .33 0.00 1.00 0
Pruritus 7/0 15.00 [0.89, 253.47] .06 NA NA NA
Gastrointestinal symptoms 3/0 4.00 [0.46, 34.95] 21 0.05 .82 0

No individual study significantly affected the heterogeneity,
suggesting that our statistical result was robust. No significant
publication bias was found in the results of Begg’s plots (P=.902)
and Egger’s test (P=.449) for phosphorus.

3. Discussion

The incidence of hyperphosphatemia in patients with end-stage
renal disease is as high as 81% to 90%; it is an independent risk
factor for death in dialysis patients.['®! The current primary
treatment of hyperphosphatemia includes limitation of phospho-
rus in diet, the use of phosphorus-binding agents and blood
purification treatment. Dietary phosphorus limitation requires
foods with low phosphorus/protein ratios and low phosphorus
uptake, with daily phosphorus intakes limited to 800 to 1000 mg;
however, long-term low-phosphorus diets may increase the risk
of adverse reactions in dialysis.['”!

Niacinamide, also called nicotinamide, is the amide of nicotinic
acid (vitamin B3/niacin). It has been known as a drug that
regulates lipid metabolism for more than 40 years. In 1998,
Shimoda et al"® used peneconide nicotinate in the treatment of
low HDL-C with dialysis and found incidentally that the drug
lowered serum phosphorus. Since then, the phosphorus-lowering
effects of nicotinic acid and its derivatives have been confirmed in
a series of clinical studies.*1®' However, the efficacy and safety of
this drug for dialysis patients still lack an adequate evidence-
basis.

Debiec and Lorenc!™! found that there were 2 kinds of
sodium—phosphate cotransporter in humans, type-2a sodium-
dependent phosphate cotransporters (NaPi-2a) located in renal
tubules, and type-2b sodium-dependent phosphate cotransport-
ers (NaPi-2b) located in the small intestine; these mediate
phosphate reabsorption in proximal tubules and intestine,
respectively. Nicotinamide,!™*! a known inhibitor of NaPi-2b
(intestine) and NaPi-2a (kidney), has been used to reduce blood
phosphate levels in CKD patients. Katai et al’*®! found that
nicotinamide not only inhibited chronic renal failure rat
intestinal sodium/phosphorus transport activity but also had
an inhibitory effect on intestinal phosphorus uptake. Eto et al!*!!
showed that nicotinamide significantly inhibited intestinal
phosphate uptake and prevented the increase of serum
phosphorus concentration in adenine-induced chronic renal
failure model in rats; this effect was directly induced by
nicotinamide in small intestine brush border membrane Na Pi-
2b expression down-regulation. Similarly, a study'?"! found that
niceritrol, a prodrug of nicotinamide, increased the excretion of
rat fecal phosphate. Nicotinamide also caused hypophosphate-
mia in normal mice.

The current meta-analysis included 9 RCTs and assessed the
efficacy and safety of nicotinamide on phosphorus, calcium,

iPTH in hemodialysis patients. As far as we know, no previous
studies have specifically analyzed the role of nicotinamide in
hemodialysis patients. Our present study found that nicotinamide
was effective for the treatment in renal dialysis patients and could
also decrease the Ca x P and iPTH without affecting serum
calcium levels.

Our meta-analysis also showed that the nicotinamide group
had significantly higher HDL levels than did the placebo group.
There were no significant differences between the 2 groups in
terms of levels of TC, TG, or LDL.

Overall, no significant difference was found in adverse events
between the 2 groups. There was no significant difference in the
incidence of withdrawal between patients in the nicotinamide and
control groups. Most of the side-effects of nicotinamide were
tolerable. However, we found that, compared with the placebo
group, the nicotinamide group had a significantly higher risk of
thrombocytopenia. Shahbazian et al’s study'” showed that
thrombocytopenia occurred in 25% (6 of 25) of patients after
nicotinamide treatment, and 2 among them had platelet counts <
100,000 cells/mm?, but recovered to 20,000 cells/mm? at 20 days
after treatment withdrawal.

The adverse reactions of nicotinamide drugs include hot
flushes, burning and painful lips, diarrhea, hyperglycemia, and
gastrointestinal symptoms. These may be associated with the
release of prostaglandins caused by vasodilation.””! Recent
studies have found that the combination of type 1 selective D2
prostaglandin receptor inhibitors or the use of nicotinamide
sustained release formulations can reduce the incidence of
adverse reactions.

According to some reports, patients receiving nicotinamide
treatment not only had lower serum phosphorus but also had
reduced alkaline phosphatase levels,”*! pruritus,”! plasma
triglycerides, LDL and VLDL, as well as increased HDL
levels.!>**! This is also consistent with our results.

Several limitations of our meta-analysis should be consid-
ered. First, the information in several studies was incomplete.
In particular, most studies lacked data on the serum lipid
profile of patients after treatment. Second, this meta-analysis
did not include a particularly large number of RCTs. The
quality of several trials was not high, follow-up times were
different, and the treatment doses were variable, ranging from
25mg daily to 1500 mg/day. Furthermore, various therapy
doses and follow-up times could have affected our conclusions.
Third, significant heterogeneity existed in the results of serum
phosphorus, and although no significant publication bias was
found by Egger’s test and Begg’s plots, the validity of
publication bias is limited. Finally, there appears to be a lack
of published studies with negative outcomes. The risk of
publication bias against studies with negative results is also a
limitation.
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4. Conclusions

Our meta-analysis demonstrated that nicotinamide treatment is
effective for reducing blood phosphorus and does not increase
hypercalcemia, thereby significantly reducing the calcium and
phosphorus products in renal dialysis patients. Simultaneously,
nicotinamide effectively raises blood HDL-C levels, which is a
beneficial effect for reducing the risk of cardiovascular
complications in patients undergoing hemodialysis. Combined
with minor adverse reactions, high safety and low cost,
nicotinamide provides a new option for the treatment of
hyperphosphatemia in hemodialysis patients. For future research,
the safety and efficacy of nicotinamide in the treatment of
hyperphosphatemia in patients on maintenance dialysis needs to
be further confirmed by more large-scale, high-quality, long-term
follow-up clinical studies.
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