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Implication for health policy/practice/research/medical education:
In a double-blinded randomized clinical trial in a group of hemodialysis patients, who treated niacin for the treatment of 
hyperphosphatemia, we found following two months of this treatment, serum vitamin D and calcium increased significantly, 
since serum levels of phosphate and intact parathormone were decreased.
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Introduction: Electrolyte abnormalities are one of the most common problems in hemodialysis 
patients. 
Objectives: The present study was conducted to investigate the effect of niacin on the levels of 
sodium, phosphorus, calcium, intact parathormone (iPTH), alkaline phosphatase (ALP) and 
vitamin D in hemodialysis patients.
Patients and Methods: In the present double-blinded randomized clinical trial, hemodialysis 
patients with phosphorus of more than 4.5 mg/dL were included in the study and were treated with 
niacin. The dose of niacin was increased from 50 mg to 100 mg/d in two stages on a monthly basis. 
Tests related to the levels of phosphorus, sodium, vitamin D, and calcium were determined before 
and after the intervention, and the side effects of the treatment were recorded accordingly. Data 
were analyzed through SPSS version 16.
Results: After the intervention, the serum levels of calcium, vitamin D, and sodium increased 
significantly (P < 0.05), while the serum levels of iPTH and phosphate decreased significantly 
(P < 0.05). However, the serum level of ALP did not change significantly (P > 0.05). There was no 
significant difference in the serum levels of calcium, phosphate, vitamin D, sodium, iPTH, and 
ALP during the intervention in the both men and women (P > 0.05). Side effects were not reported 
in any of the patients.
Conclusion: Niacin can increase vitamin D, sodium and calcium and decreased serum levels of 
phosphate and iPTH in hemodialysis patients. Therefore, it can be administered as an effective and 
safe supplement in the hemodialysis patients.
Trial Registration: This trial protocol was approved by the Iranian Registry of Clinical Trials 
(identifier: IRCT20190702044076N2; https://en.irct.ir/trial/66567, ethical code #IR.SKUMS.
REC.1400.079).
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Introduction 
The prevalence of chronic kidney disease is increasing 
in the world, especially in developing countries (1). 
Hemodialysis and end-stage kidney disease disrupt the 
quality of life in affected people and their caregivers (2). In 
addition, factors such as comorbidity high wealth status, 
old age, more visits, and anemia increase the burden of 
costs for the patient and the health care system (3). This 
complication has increased morbidity and mortality. For 

example, cardiovascular disease affects more than two-
thirds of people undergoing hemodialysis and accounts 
for approximately 50% of deaths (4). As the glomerular 
filtration rate decreases, the kidney’s ability to regulate 
electrolytes decreases. Therefore, electrolyte disorders 
such as hyperphosphatemia (subsequently an increase in 
the serum level of parathyroid hormone), hypocalcemia, 
and reduction of serum vitamin D in hemodialysis 
patients can be occurred (5,6). Although some drugs have 
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been administered to control the hyperphosphatemia, 
they have several side effects and the need to introduce 
new treatment strategies is felt. For instance, currently, 
phosphate-binding drugs, despite being effective, are 
associated with various side effects, including increased 
blood calcium (such as calcium carbonate) and an 
increased risk of aluminum poisoning (such as aluminum 
hydroxide) (7,8), or gastric lanthanosis following 
administration of lanthanum carbonate (9). Despite 
advances in dialysis and other available treatments, poor 
and variable outcomes are still observed among different 
populations, which is a major concern in hemodialysis 
(4). Many patients need hemodialysis as the commonest 
form of kidney replacement, and their access to health 
services may be limited in some cases; therefore, they 
may not receive appropriate treatment, in which case their 
mortality may increase several times (1).

Electrolyte imbalance in hemodialysis patients 
causes cardiovascular complications and subsequently 
increases the mortality rate in these patients (10). 
Hypocalcemia, which is caused by a decrease in the 
level of 1,25-dihydroxy vitamin D (1,25(OH)2D3), due 
to stimulation of fibroblast growth factor-23 (FGF23) 
and a decrease in renal mass and resistance to the 
calcemic activity of parathyroid hormone (PTH) causes 
the development of secondary hyperparathyroidism, 
renal osteodystrophy, vascular calcification and cardiac 
dysfunction (10,11). In addition, hyponatremia is one of 
the common electrolyte disturbances in dialysis patients, 
which is associated with an increased risk of mortality 
(10). Studies have shown that niacin (nicotinic acid) and 
its related compounds, including nicotinamide, reduce 
the absorption of phosphorus in the digestive tract with 
a different mechanism than the usual phosphate binders. 
Niacin reduces the digestive absorption of phosphorus 
due to the inhibition of the phosphorus-sodium co-
transporter in the small intestine (12,13). 

Objectives
Since, a comprehensive study had not investigated the 
effect of niacin on electrolyte disturbance and the effect of 
intact PTH (iPTH), in this study, we aimed to investigate 
the effect of niacin on sodium, phosphorus, calcium, iPTH 
and vitamin D levels in a group of hemodialysis patients.

Patients and Methods 
Study design
The present study was a before-after double-blinded 
randomized clinical trial, carried out on 60 hemodialysis 
patients with hyperphosphatemia referred to the dialysis 
center of Hajer hospital of Shahrekord in 2020. The 
inclusion criteria were age over 15 years, phosphorus 
more than 4.5 mg/dL, at least six months have passed 
since the start of hemodialysis, no change in treatment 
and hemodialysis protocols in the last two weeks, and 

satisfaction with participating in the study. Exclusion 
criteria were pregnancy, known liver diseases, active peptic 
ulcer disease, carbamazepine use, drug intolerance, and 
the need to change the treatment protocol. According to 
similar studies and considering α=0.01, Power=0.95 and 
Delta=0.88, the sample size was calculated to be 26 people, 
however 30 people were included in the study considering 
the attrition rate (14,15). All patients continued the 
treatment and the analysis were conducted on 30 patients 
(Figure 1). The drug is manufactured by Sobhan Daru 
Company. This drug was purchased directly from the 
market and patients received it free of charge accordingly.

After obtaining a written consent form, hemodialysis 
patients who met the inclusion criteria were treated with 
niacin for two months. The dose of niacin was increased 
from 50 to 100 mg/d every month and during two stages. 
Tests related to the levels of calcium, phosphorus, sodium, 
alkaline phosphatase (ALP), iPTH, and vitamin D were 
determined and recorded in a checklist. Then, the data 
were compared before and after the intervention, and the 
patients were examined for possible side effects.

To perform randomization, the type of drug prescribed 
is randomized by simple randomization among the 
participants by the RRApp software. For this purpose, in 
the order of participation in the research, the participants 
received niacin (n = 30) or placebo (n = 30) based on the 
group they were assigned by RRApp software. This study 
was double-blinded because the patients knowing about 
the study groups did not informed about the allocation in 
treatment groups and this allocation conducted randomly. 
The statistical analyzer received the groups as A and B 
codes. 

Statistical analysis
Data were analyzed using SPSS version 16. The descriptive 
results were reported as mean ± standard deviation. Paired 
t test was applied to assess the changes before and after 
intervention for calcium, phosphate, sodium, vitamin D, 
ALP and iPTH variables. Accordingly, their differences 
were checked between genders using independent t test. P 
value less than 0.05 was considered significant.

Results
Thirty hemodialysis patients with phosphorus more than 
4.5 mg/dL, including 15 (50%) women and 15 (0 %) males 
entered the intervention group as well as 30 patients in the 
control group. Baseline characteristics of the patients in 
the both groups were similar and homogenous, without 
significant differences (P > 0.05).

The intervention group was treated with niacin for 
two months. The mean studied variables before and 
after the intervention is shown in Table 1. Following the 
intervention, serum calcium and vitamin D increased 
significantly (P < 0.05), while serum iPTH and phosphate 
levels decreased considerably (P < 0.05). However no 
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significant change was observed in the amount of ALP 
(P = 0.77). In this regard, it should be noted that there were 
no significant changes before and after placebo.

Comparison of the mean change of the studied variables 
during the intervention according to gender showed 
that the mean change of calcium, phosphate, vitamin D, 
sodium, and ALP was not significantly different between 
the two sexes (P > 0.05). However, serum levels of vitamin 
D increased more in men than in women (1.86 versus 0.93 
ng/dL). However, the serum level of ALP did not change 
significantly (P = 0.164; Table 2). It should be noted that 
no side effects were reported by the studied patients.

Discussion
The present study was conducted to investigate the effect 
of niacin on the levels of sodium, phosphorus, calcium, 
iPTH, and vitamin D in hemodialysis patients. Our 
findings indicate that after the intervention, the serum 
levels of calcium, vitamin D, and sodium increased 
significantly in the intervention group. 

In the present study, niacin administration increased 
serum vitamin D (25-hydroxyvitamin D) too. Studies 
revealed that niacin increases the precursors of 
25-hydroxyvitamin D by improving the blood level of 
phosphorus and subsequently by reducing the levels 
of FGF23. FGF23 is the most important inhibitor of 
1-alpha hydroxylase enzyme (the enzyme that converts 
25-hydroxyvitamin D to 1, 25-hydroxyvitamin D) (16,17). 
However, a previous study indicated that niacin cannot 
made changes in plasma calcium, or vitamin D metabolites 

over three years (18). Another study showed that nicotinic 
acid can modulates intracellular calcium concentration 
while, this function depending on its exposure time and 
initial concentration (19).

We observed that treatment with niacin caused an 
increase in serum sodium. Although so far no study has 
investigated the effect of niacin on serum sodium level, 
probably following the inhibition of the phosphorus-
sodium co-transporter in the small intestine, niacin 
inhibits the reabsorption of phosphorus from inside the 
intestine into the blood and not transferring sodium into 
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Figure 1. CONSORT flow chart of the study.

Table 1. Comparison of the mean of the studied variables before and after 
the intervention

Serum levels of variables Mean ± SD P value

Calcium (mg/dL)
Before intervention 7.8 ± 0.31

0.01
After intervention 7.90 ± 0.22

Phosphate 
(mg/dL)

Before intervention 6.02 ± 0.42
<0.001

After intervention 5.66 ± 0.28

Sodium (mg/dL)
Before intervention 133.6 ± 3.49

0.001
After intervention 135.8 ± 2.68

Vitamin D 
(ng/dL)

Before intervention 14.36 ± 4.10
0.014

After intervention 15.76 ± 3.80

ALP (IU/L)
Before intervention 240.4 ± 36.92

0.778
After intervention 239.4 ± 37.44

iPTH (pg/mL)
Before intervention 385.3 ± 257.6

0.001
After intervention 132.6 ± 350.2

ALP, Alkaline phosphatase; iPTH, Intact parathyroid hormone.
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the intestine and preventing the excretion of sodium 
through digestion and finally improving the hyponatremia 
of the patients and increasing the plasma sodium (20).

In present study, the serum levels of iPTH and phosphate 
decreased significantly after intervention. However, Liu 
et al and Malhotra et al reported that the change of the 
intact PTH level from baseline to the end of the study did 
not change in hemodialysis and chronic kidney disease 
patients (17,18).

In addition, our study indicated that the serum level 
of phosphorus reduced after niacin intervention. In this 
regard, Müller et al showed that niacin therapy for 12 
weeks reduced serum phosphate levels from 7.2 to 5.0 
mg/dL (21). A previous study also indicated that niacin 
significantly reduced the serum levels of phosphorus and 
calcium × phosphorus product (Ca×P) in hemodialysis 
patients (22). Moreover, Ginsberg et al and Khalid et 
al revealed that nicotinamide reduced the serum level 
of phosphate concentrations by inhibiting sodium-
dependent phosphate transport protein 2B (NaPi2b) by 
the small intestine in end-stage renal disease (12,23).

The results of our study showed that the treatment of 
hemodialysis patients with niacin for 2 months in doses 
of 50 to 100 mg did not change in serum ALP. In the 
study by Vasantha et al 250 mg nicotinamide capsule for 
hemodialysis patients with serum phosphorus more than 
5 mg/dL, two times a day and for five patients with serum 
phosphorus more than 8 mg/L, three times a day causes 
a significant decrease in serum ALP (24). Another study, 
also reported that the administration of 375 mg niacin 
capsules for eight weeks caused the serum ALP level to 
decrease significantly (25). However, the study by Jin 
Kang et al showed administration of niacin with a fixed 
dose of 500 mg caused a significant increase in ALP (26). 
The controversy of our study with other studies can be 
due to the presence of underlying diseases such as liver, 
gall bladder, or bones diseases, or it may be affected by the 
different stages of the disease in the studied population.

In our study, none of the patients receiving niacin had 
side effects. In the study by Cheng et al, similar results 
were reported, in such a way that the side effects in the 
groups receiving placebo and niacin at doses of 500 to 
1000 mg were similar, and even at the maximum daily 
dose of 1500 mg were not associated with side effects. 

In their study, following the administration of niacin no 
major adverse events was detected, since only one patient 
(out of 33) required dose adjustment due to diarrhea, 
which was resolved by reducing the dose from 1500 to 
1000 mg/d (14). Likewise, another study showed that 
nicotinamide (250 mg capsules which were given twice 
daily) is safe in hemodialysis patients (24). Meanwhile, 
another study reported that niacin in patients undergoing 
dialysis significantly elevated the risk of flushing and 
thrombocytopenia (22). 

Conclusion
After two months of niacin consumption, the serum levels 
of calcium, vitamin D and sodium increased and serum 
levels of iPTH, since phosphate decreased in hemodialysis 
patients. In addition, no side effects were seen in the 
patients. Therefore, niacin can be an effective and safe 
drug in the treatment of electrolyte disorders and vitamin 
D deficiency in hemodialysis patients. A larger sample size 
is suggested in future studies and it is also recommended 
to investigate the effectiveness of niacin on the levels of 
serum electrolytes, vitamin D, iPTH, FGF23, lipid profile 
and uric acid in hemodialysis patients in longer follow ups. 
In addition, it is recommended that patients be examined 
and compared in respect of hematological factors and 
liver enzyme levels.

Limitations of the study
One of the limitations of this study was not evaluating the 
effects of niacin in different doses and at longer follow 
ups. Additionally, it would have been better if the patients 
were examined regarding the severity of the disease. 
Correspondingly, lack of investigation of other involved 
factors such as FGF23, lack of estimation of lipid profile, 
levels of serum niacin concentration were the other 
limitation of this study.
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Table 2. Comparison of the mean change of the investigated variables during the intervention by gender

Serum levels of variables Male, Mean ± SD Female, Mean ± SD Total, Mean ± SD P value

Calcium (mg/dL) 0.10 ± 0.21 0.14 ± 0.23 0.10 ± 0.21 0.271

Phosphate (mg/dL) -0.35 ± 0.24 -0.35 ± 0.23 -0.35 ± 0.24 0.942

Sodium (mg/dL) 2.2 ± 3.33 2.8 ± 2.27 2.20 ± 3.33 0.333

Vitamin D (ng/dL) 1.4 ± 2.95 0.93 ± 3.39 1.4 ± 2.95 0.395

ALP (IU/L) -1.0 ± 19.27 3.93 ± 21.00 -1.0 ± 19.27 0.164

Intact PTH (pg/mL) 22.55 ± 1.35 34.6 ± 23.37 22.55 ± 1.35 0.322

ALP, Alkaline phosphatase; iPTH, Intact parathyroid hormone.
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