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Several human studies have demonstrated the positive 
effect of dietary interventions on inflammatory markers 
[6–8]. While Vitamin B3 (niacin or nicotinic acid) is well-
known for its effectiveness in lowering triglycerides and 
LDL-C levels and raising HDL-C levels [9, 10], several 
research studies have also investigated its potential anti-
inflammatory properties through randomized clinical trials.

Lee et al. conducted a one-year randomized controlled 
trial (RCT) where they found that administering high-
dose modified-release nicotinic acid led to a considerable 
decrease in C-reactive protein (CRP) levels in patients with 
type 2 diabetes and cardiovascular disease [11]. Although 
another study confirmed this reduction effect [12], multi-
ple other studies have indicated that niacin may not reduce 
inflammatory markers in patients consuming this vitamin 
[13–15].

Due to the impact in the regulation of blood lipid levels, 
niacin has the capacity to influence adipose tissue lipolysis 

Introduction

Inflammation is increasingly associated with elevated risks 
of metabolic disorders, cardiovascular disease (CVD), oxi-
dative stress and various health-threatening conditions, 
including cancer [1–3]. Inflammatory cytokines like inter-
leukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-α) 
can induce acute phase C-reactive protein (CRP) activation 
in the liver, and elevated levels of CRP, IL-6, and TNF-α are 
associated with an increased risk of CVD [4, 5].
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Abstract
Purpose  Niacin (nicotinic acid), known for its lipid-modifying effects, has been explored for its potential anti-inflammatory 
properties and potential to affect adipokines secretion from adipose tissue. The aim of this systematic review and meta-
analysis was to assess the effects of niacin on inflammatory markers and adipokines.
Methods  A comprehensive search was conducted across five databases: PubMed, Scopus, Cochrane Library, Embase, and 
ISI Web of Science. Randomized controlled trials exploring the effects of niacin on inflammatory markers (CRP, IL-6, TNF-
α) and adipokines (Adiponectin, Leptin) were included. Pooled effect sizes were analysed using a random-effects model, 
and additional procedures including subgroup analyses, sensitivity analysis and dose-response analysis were also performed.
Results  From an initial 1279 articles, fifteen randomized controlled trials (RCTs) were included. Niacin administration 
demonstrated a notable reduction in CRP levels (SMD: -0.88, 95% CI: -1.46 to -0.30, p = 0.003). Subgroup analyses con-
firmed CRP reductions in trials with intervention durations ≤ 24 weeks, doses ≤ 1000 mg/day, and elevated baseline CRP 
levels (> 3 mg/l). The meta-analysis of IL-6 and TNF-α revealed significant TNF-α reductions, while IL-6 reduction did not 
reach statistical significance. Niacin administration also substantially elevated Adiponectin (SMD: 3.52, 95% CI: 0.95 to 6.1, 
p = 0.007) and Leptin (SMD: 1.90, 95% CI: 0.03 to 3.77, p = 0.04) levels.
Conclusion  Niacin treatment is associated with significant reductions in CRP and TNF-α levels, suggesting potential anti-
inflammatory effects. Additionally, niacin positively influences adipokines, increasing Adiponectin and Leptin levels. These 
findings provide insights for future research and clinical applications targeting inflammation and metabolic dysregulation.
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and metabolism [16]. Understanding the impact of niacin on 
adipokine regulation can offer valuable insights into devel-
oping targeted therapeutic approaches for individuals at 
risk of metabolic dysregulation and related complications. 
Leptin and Adiponectin play pivotal roles in regulating vari-
ous aspects of human metabolism, including appetite con-
trol, energy balance, insulin sensitivity, and inflammation, 
making them crucial factors in maintaining overall health 
[17]. Several studies have investigated the effects of niacin 
on these two important adipokines, which concluded that 
this treatment could beneficially increase adipokines lev-
els [11, 18, 19]. However, there is currently no systematic 
review and meta-analysis to evaluate this effect.

Given the inconsistencies among studies examining the 
anti-inflammatory effects of niacin and its derivatives and 
the absence of a systematic review and meta-analysis on its 
impact on inflammatory markers and adipokine levels, we 
aimed to assess the effects of niacin on inflammatory mark-
ers (CRP, IL-6, TNF-a) as well as blood levels of Adiponec-
tin and Leptin in a systematic review and meta-analysis on 
clinical intervention trials.

Materials and methods

This systematic review and meta-analysis followed the 
PRISMA guidelines for systematic reviews and meta-analy-
ses [20]. The review was registered in PROSPERO with the 
reference number CRD42023440132.

Search strategy

A comprehensive search of five online databases, including 
PubMed, Scopus, Web of Science, Embase, and Cochrane 
Library, was performed, encompassing all publications 
from their inception until July 2023. The search strategy 
involved utilizing the following keywords: (niacin OR “nic-
otinic acid” OR “acipimox” OR niaspan) AND (“Inflam-
mation” OR “inflammatory” OR “Tumor necrosis factor” 
TNF-α OR TNF OR “C-Reactive protein” OR “c reactive 
protein” OR “high-sensitivity CRP” OR hs-CRP OR CRP 
OR hsCRP OR hs-CRP OR “Cytokine” OR “Interleukin” 
OR “IL-6” OR “adiponectin” OR “leptin”) AND (Inter-
vention OR “Intervention Study” OR “Intervention Stud-
ies” OR “controlled trial” OR randomized OR randomized 
OR random OR randomly OR placebo OR “clinical trial” 
OR Trial OR “randomized controlled trial” OR “random-
ized clinical trial” OR RCT OR blinded OR “double blind” 
OR “double blinded” OR trial OR “clinical trial” OR trials 
OR “Pragmatic Clinical Trial” OR “Cross-Over Studies” 
OR “Cross-Over” OR “Cross-Over Study” OR parallel OR 
“parallel study” OR “parallel trial”) (Table S1). There were 

no restrictions on language or time during the search pro-
cess. All identified studies were imported into the EndNote 
software version 20, and duplicate citations were elimi-
nated. The titles and abstracts of the remaining studies from 
the initial search underwent evaluation, and eligible studies 
were thoroughly reviewed in full text. Furthermore, the ref-
erence lists of relevant studies were manually checked. The 
literature search and screening procedures were carried out 
independently by two investigators.

Inclusion and exclusion criteria

The study selection process included randomized controlled 
trials in adult participants 18 years or older. The trials inves-
tigated the impact of various forms of niacin administration 
on blood levels of CRP, IL-6, TNF- α, Adiponectin, and 
Leptin. The RCTs must provide mean and standard devia-
tions (SDs) of the above markers for both the treatment 
and placebo groups at the beginning and end of the inter-
vention. The selection process followed the PICO frame-
work, encompassing the following elements: Participants 
(adults ≥ 18 years), Intervention (niacin), Comparison (pla-
cebo or no intervention group), and Outcomes (blood levels 
of CRP, IL-6, TNF- α, Adiponectin, and Leptin).

Exclusion: in vitro studies, experimental or ecological 
studies, observational papers, and review articles. Trials 
without a placebo or control group were also omitted. Addi-
tionally, studies with a two-arm intervention involving dif-
ferent durations or dosages were treated as separate entities 
during the selection process.

Data extraction

Data extraction was performed by two independent investi-
gators (ES & SS). If discrepancies occurred, consensus was 
reached through discussion. The relevant information from 
each study was extracted as follows: first author’s name, 
publication year, participants’ gender and mean age, study 
design, country of origin, sample sizes for both control and 
intervention groups, niacin dosage, type of niacin, type of 
control intervention, intervention duration, health status, 
and disease conditions of the studied population. Mean 
changes and standard deviations (SDs) of outcomes of trials 
were extracted for both the intervention and control groups. 
In cases where numerical estimates were presented graphi-
cally, the plot digitizer tool (http://plotdigitizer.sourceforge.
net/) was utilized to accurately extract the data.

Quality assessment

The Cochrane quality assessment Risk of bias 2 tool (ROB-
2) was utilized to evaluate the potential risk of bias. This 
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tool consists of five domains, encompassing aspects such 
as bias arising from the randomization process, bias due 
to deviations from intended interventions, and bias due to 
missing outcome data, measurement of the outcome, and 
the selection of the reported result [21]. . The risk of bias 
assessment was performed independently by two reviewers 
to ensure objectivity and rigor in the evaluation process.

Statistical analysis

The overall effect sizes of the outcomes for both the niacin 
and control groups were computed using the mean changes 
and SDs. In instances where mean changes were not 
reported, we derived them based on the changes in outcome 
levels during the intervention. To ensure consistency, we 
converted standard errors (SEs), 95% confidence intervals 
(CIs), and interquartile ranges (IQRs) to SDs, following the 
method described by Hozo et al. [22].

For the analysis, a random-effects model was used, which 
takes into account between-study variations. Effect sizes for 
the variables were expressed as standardized mean differ-
ences (SMD) with their respective 95% confidence intervals 
(CIs) in Forest plot. To assess heterogeneity, the I2 statistic 
and Cochrane’s Q test were used. A value of I2 greater than 
50% or a p-value less than 0.05 for the Q-test indicated sig-
nificant between-study heterogeneity.

In order to investigate potential sources of heterogene-
ity, subgroup analyses were performed based on predefined 
variables. These variables included intervention duration, 
type of niacin used, niacin dosage, study quality, and the 
baseline level of CRP, due to the sufficient number of stud-
ies available for subgroup analysis. To evaluate the possibil-
ity of publication bias, an Egger’s and Begg’s regression 
tests were performed. Furthermore, to explore the relation-
ship between pooled effect size and niacin dosage (mg/day) 
and duration of the intervention (weeks), we conducted a 
non-linear dose-response analysis for CRP level.

Finally, a sensitivity analysis was conducted. This analy-
sis assessed whether the overall effect size of the meta-anal-
ysis was significantly influenced by any particular study. By 
systematically excluding one study at a time and re-analys-
ing the data, we were able to gauge the impact of individual 
studies on the overall results. The meta-analysis was con-
ducted using Stata, version 14 (StataCorp). A significance 
level of p < 0.05 was considered statistically significant.

Results

Search results and study selection

During the initial stage of this meta-analysis, a total of 1279 
publications were identified. Within this dataset, 230 arti-
cles were eliminated due to duplication, and 837 were con-
sidered unsuitable to meet the research aims, (see Fig. 1). 
A further 10 articles were discovered through a reference 
check of relevant studies. After screening of the remaining 
records, 222 publications were found to be eligible for full-
text assessment of their eligibility.

During full-text assessment, 165 articles were excluded 
as they did not meet the predefined inclusion criteria. A 
further 33 articles were excluded as they lacked a proper 
control group or placebo group, while nine articles were 
excluded due to insufficient data for calculating the mean 
change and standard deviation of the mean change for our 
variables.

In the end, a total of 15 clinical trials were included in 
this systematic review and meta-analysis. Out of these stud-
ies, 14 evaluated blood levels of CRP, 2 assessed blood IL-6 
and TNF- α concentration, 6 trials measured Adiponectin 
levels, and 3 trials assessed leptin levels. Flowchart of the 
study selection for inclusion in the systematic review and 
meta-analysis is shown in Fig. 1.

Characteristics of the included studies

The characteristics of the randomized controlled trials 
(RCTs) included in this systematic review and meta-anal-
ysis are detailed in Table 1. Trials were conducted between 
2003 and 2022 across regions, including the USA [15, 19, 
23–26], UK [11, 27], Germany [18], Turkey [28, 29], Korea 
[12], China [13, 14], and Brazil [30].

With the exception of two studies that exclusively focused 
on male participants [27, 30], all other studies included both 
male and female participants. The sample sizes ranged from 
19 to 167 participants, resulting in a combined cohort of 940 
individuals. The average age of participants across studies 
ranged from 32 ± 5.5 to 75 years. Niacin dosages adminis-
tered in these trials varied between 250 and 2000 mg/day. 
Additionally, one study employed a niacin intervention of 
50 mg/kgbw/day [29]. Furthermore, the intervention dura-
tions ranged from 3 to 52 weeks.

The majority of the studies employed a parallel design of 
interventions, with one study utilizing a cross-over design 
[27]. In terms of the type of niacin used, five studies admin-
istered Extended-Release niacin (ERN) [15, 18, 24, 25, 28], 
one study employed Modified Release niacin [11], one study 
used sustained-release niacin (Niaspan) [23], two employed 
acipomax [13, 19], and one study utilized controlled-release 
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The effect of niacin on CRP

The pooled analysis of 14 effect sizes using a random-
effects model revealed a significant reduction in CRP levels 
with the use of niacin [Standard Mean Differences (SMD): 
-0.88, 95% CI: -1.46 to -0.30 mg/dl, p: 0.003]. However, 
there was considerable heterogeneity amongst the included 
studies (p < 0.001, I2 = 91.8%) (Fig. 2).

To investigate potential sources of heterogeneity, we con-
ducted subgroup analyses (Table 3). The analysis revealed a 
significant reduction in serum CRP concentrations with nia-
cin intervention in several distinct cases. These include RCTs 
with an intervention duration of ≤ 24 weeks, trials measur-
ing hs-CRP, and RCTs prescribing niacin at ≤ 1000 mg/day. 
Additionally, we observed a significant reduction in studies 
involving individuals with elevated CRP levels, as well as 
in studies administering Extended-Release niacin (ERN) or 
other forms of niacin.

niacin [26]. Additionally, two studies administered nicotin-
amide [14, 29], two used niacin [12, 30], and one used NR 
chloride (Niagen) [27]. Moreover, 3 studies incorporated 
the main niacin intervention alongside the use of statins [12, 
28] or a Low Saturated Fat Diet and Exercise [23] or con-
ventional treatment [13].

The RCTs encompassed a diverse array of participant 
groups, spanning from those with impaired glucose tol-
erance (IGT) [18], Type 2 diabetes [29], and metabolic 
syndrome [25, 26], patients with dyslipidemia [23, 28], 
individuals undergoing chronic hemodialysis [14], individ-
uals with CVDs [11–13, 15], HIV-infected individuals with 
low HDL levels [24], to those in healthy conditions [27, 30].

According to the Cochrane ROB-2, three studies were 
assigned a high-quality rating, indicating a low risk of bias 
across all domains [14, 15, 23]. Two other studies were clas-
sified as high risk of bias trials [13, 18], and the remaining 
studies were designated as having some concerns for risk of 
bias (Table 2).

Fig. 1  Flowchart of the study 
selection for inclusion in the sys-
tematic review and meta-analysis
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Table 1  Summary of clinical trials on the effects of Niacin on inflammatory biomarkers and adipokines
Author, 
year

Country Design Participants sex Sam-
ple 
size

Mean ± SD 
age, year

Intervention Final 
daily 
dosage
(mg)

Dura-
tion
(week)

Outcome
Treatment Control

Wu. et at, 
[13]

China RCT Patients 
with vulner-
able carotid 
atherosclerosis

Male, 
Female

Int: 40
Con:40

Int: 46.5 ± 6.3
Con: 
45.9 ± 7.1

Acipi-
mox + con-
ventional 
treatment

conven-
tional 
treatment

250 12 Hs-CRP, 
IL-6, 
TNF-a

Liu. et al., 
[14]

China RCT Patients 
in chronic 
hemodialysis

Male, 
Female

Int: 35
Con:37

Int:55 ± 2
Con: 56 ± 2

Niacinamide Placebo 1500 52 CRP

Elhassan. 
et al., [27]

UK Cross-
over 
trial

Aged men Male Int: 12
Con:12

Median age 
:75 years

Nicotinamide 
riboside chlo-
ride (Niagen)

Placebo 1000 3 Hs-CRP, 
IL-6, 
TNF-a

Makimura. 
et al., [19]

USA RCT People with 
obesity

Male, 
Female

Int: 16
Con:15

Int:47 ± 5
Con:45 ± 7

Acipimox Placebo 750 25.7 Adiponec-
tin

Karaca-
glar. et al., 
[28]

Turkey RCT Patients with 
Dyslipidemia

Male, 
Female

Int: 25
Con:23

Int:63 ± 12
Con: 64 ± 13

Extended-
release 
niacin+
statin

statin 500 4.2 Hs-CRP

Balasubra-
manyam. 
et al., [23]

USA RCT Patients with 
Hypertriglyceri-
demia

Male, 
Female

Int: 21
Con:24

Int:42.8 ± 1.4
Con: 
44.5 ± 1.5

Sustained-
release 
niacin (Nias-
pan) + low 
saturated-fat 
diet and 
exercise

low 
saturated-
fat diet and 
exercise

2000 24 Hs-CRP, 
Adiponec-
tin, Leptin

Lee. et al., 
[11]

Korea RCT Patients with 
intermediate 
coronary artery 
stenosis

Male, 
Female

Int: 14
Con:14

Int:58.1
Con: 60.8 ± 8

Niacin+
simvastatin

simvastatin 1000 38.5 Hs-CRP

Chow. et 
al., [24]

USA RCT Patients with 
HIV and low 
HDL-C

Male, 
Female

Int: 10
Con:9

Int:51.7 ± 4.9
Con:48.8 ± 5.1

Extended-
release niacin

No inter-
vention

1500 12 CRP

Lee. et al., 
[12]

UK RCT Patients with 
low HDL-C 
(,40 mg/dl) 
and either: (1) 
type 2 diabetes 
with coronary 
heart disease; 
or (2) carotid/
peripheral 
atherosclerosis.

Male, 
Female

Int: 22
Con:29

Int:65 ± 9
Con:65 ± 9

Modified 
release NA 
(Niaspan)

Placebo 2000 25.7 CRP, Adi-
ponectin51.4

Linke. et 
al., [18]

Germany RCT Patients with 
IGT

Male, 
Female

Int: 30
Con:30

Int: 45.8 ± 4.1
Con: 
44.7 ± 3.7

Extended-
release niacin

No inter-
vention

1000 25.7 Hs-CRP, 
Adiponec-
tin, Leptin

Vaccari. et 
al., [26]

USA RCT Patients with 
metabolic 
syndrome

Male, 
Female

Int: 33
Con:17

Int: 32 ± 5.5
Con: 
36.7 ± 4.4

Controlled-
release niacin

Placebo 1000 52 Adiponec-
tin

Thoenes. 
et al., [25]

USA RCT Patients with 
metabolic 
syndrome

Male, 
Female

Int: 30
Con:15

Int:34.6 ± 8.1
Con:37.5 ± 9.6

Extended-
release niacin

Placebo 1000 52 Hs-CRP

Benjo. et 
al., 2006

Brazil RCT Healthy adult Male Int: 11
Con:11

Up to 70 years 
old

No-flush 
niacin

Placebo 1500 12.8 Hs-CRP

Taylor. et 
al., [15]

USA RCT Patients with 
coronary heart 
disease

Male, 
Female

Int: 87
Con:80

Int:67 ± 10
Con: 68 ± 10

Extended-
release niacin 
(Niaspan)

Placebo 1000 51.4 CRP

Osar. et 
al., [29]

Turkey RCT Patients with 
Type 2 diabetes

Male, 
Female

Int: 15
Con:15

Int:55 ± 10
Con:59 ± 8

Nicotinamide Placebo 50 mg/
kg

4.2 CRP

Con: Control group, IGT: Impaired fasting glucose, IL-6: Interleukin 6, Int: Intervention group, TNF-a: Tumor necrosis factor alpha
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yielded significant results. One study demonstrated a reduc-
tion effect using 1000  mg of nicotinamide riboside (NR) 
per day for 21 days in a placebo-controlled, randomized, 
double-blind, crossover trial. This reduction was observed 
in both serum IL-6 and TNF-α levels compared to baseline 
[27].

In another trial, a significant reduction was observed with 
the administration of 250 mg of acipomax for 12 weeks, in 
conjunction with conventional treatment, when compared to 
traditional treatment alone. This reduction was evident in 
both IL-6 and TNF-α levels [13].

Pooling the analysis of the two effect sizes using a ran-
dom-effects model exhibited a statistically significant reduc-
tion in TNF-α levels associated with the use of niacin (SMD: 
-1.46, 95%CI: -1.89, -1.03, P = < 0.001, Fig. 4a). However, 

During the sensitivity analysis, we observed that remov-
ing any single study from the dataset did not substantially 
impact the overall estimate of the effect of niacin admin-
istration on serum CRP concentrations. The range of sum-
mary estimates remained relatively stable, ranging from 
− 1.61 to -0.12. Moreover, the outcomes obtained from both 
the Begg’s and Egger’s regression tests, indicated no nota-
ble signs of bias (P = 0.58 and P = 0.69 respectively). The 
dose-response analysis did not reveal any significant impact 
of niacin dose (P non−linearity = 0.23) and treatment duration 
(P non−linearity = 0.25) on CRP levels (Fig. 3).

The effect of niacin on IL-6 and TNF-a

Findings from the systematic review revealed that two 
studies assessing serum concentrations of IL-6 and TNF-α 

Fig. 2  Forest plot of a random effects meta-analysis of the effect of Niacin on CRP; n_int: number of participants in intervention group, n_con: 
number of participants in control group
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Table 3  Subgroup analyses of Niacin effect on inflammatory factors and adipokines
Number of 
effect sizes

SMD (95% CI) P-within group I2 (%) P-heterogeneity Hetero-
geneity 
between 
sub-groups

Niacin effect on CRP (mg/l)
Type of Niacin
Extended-Release Niacin 
(ERN)

5 -1.71(-3.37, -0.56) 0.043 96.6 < 0.001 0.048

Other forms of Niacin 9 -0.48(-0.93, -0.03) 0.034 78.5 < 0.001
Dosage of Niacin (mg/day)
≤ 1000 7 -1.72(-2.7, -0.67) < 0.001 94.9 < 0.001 < 0.001
> 1000 7 -0.15(-0.53, 0.22) 0.43 58.8 0.02
Intervention duration (week)
≤ 24 7 -0.96(-1.95, 0.03) 0.02 90.9 < 0.001 0.105
> 24 7 -0.82(-1.56, 0.08) 0.057 93.4 < 0.001
hs-CRP/CRP
hs-CRP 8 -1.60(-2.49, -0,71) < 0.001 91.7 < 0.001 < 0.001
CRP 6 -0.08(-0.43, 0.27) 0.65 60 0.029
Baseline concentrations of CRP (mg/L)
Normal (< 3 mg/L) 5 -0.78(-2.42, 0.86) 0.35 94.1 < 0.001 0.151
Elevated (≥ 3 mg/L) 9 -0.96(-1.55, -0.36) 0.002 91 < 0.001
Study quality
Low risk of bias 3 -0.22(-0.48, 0.05) 0.107 14.9 0.309 < 0.001
Concerns risk of bias 9 -0.80(-1.64, 0.04) 0.06 91.2 < 0.001
High risk of bias 2 -2.24(-2.90, -1.57) < 0.001 56.8 0.128
Niacin effect on IL-6
Overall effect 2 -1.03(-2.55, 0.48) 0.18 90.1 0.001
Niacin effect on TNF-a
Overall effect 2 -1.46(-1.89, -1.03) < 0.001 0.0 0.61
Niacin effect on Adiponectin
Overall effect 6 4.55(2.46, 6.63) < 0.001 96.8 < 0.001
Niacin effect on leptin
Overall effect 3 1.90(0.03, 3.77) 0.04 95.8 < 0.001

Fig. 3  Non-linear dose–response effects of Niacin dosage (mg/day) and treatment duration on CRP. The 95% CI is demonstrated in the shaded 
regions
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was significant heterogeneity among the included stud-
ies, as indicated by the test for heterogeneity (p < 0.001, 
I2 = 95.8%) (Fig. 5b). Due to the lack of included studies, 
conducting sub-group analysis was not possible for finding 
the sources of heterogeneity.

Discussion

This systematic review and meta-analysis examined the 
effects of niacin on inflammatory markers and adipokines, 
assessing its potential as a therapeutic intervention for 
managing inflammation and metabolic dysfunction. The 
synthesis of evidence from multiple clinical trials provides 
valuable insights into the impact of niacin treatment on key 
biomarkers associated with metabolic disorders and inflam-
matory processes.

Niacin and inflammatory markers

crp is a well-established marker of systemic inflammation 
and a predictor of cardiovascular risk [31]. The results of 

IL-6 concentrations did not attain statistical significance 
(SMD: -1.03, 95%CI: -2.55, 0.48, P = 0.18) (Fig. 4b).

The effect of niacin on Adiponectin and Leptin

The combined analysis of six effect sizes, utilizing a ran-
dom-effects model, revealed an increase in Adiponectin 
levels through niacin usage SMD): 4.55, 95% CI: 2.46 to 
6.63, p > 0.001), with significant heterogeneity across the 
included studies (p < 0.001, I2 = 96.8%) (Fig. 5a).

With sensitivity analysis we observed that exclusions had 
a minimal effect on the overall estimation of the impact of 
niacin administration on serum Adiponectin concentrations. 
The range of summary estimates remained fairly consistent, 
varying from 1.61 to 8.16.

Furthermore, in assessing potential publication bias 
through both the Begg’s and Egger’s regression tests, no 
significant indications of bias were observed (P = 0.06 and 
P = 0.26, respectively).

The analysis of three effect sizes, using a random-effects 
model, showed an increase in Leptin levels with the use of 
niacin (SMD: 1.90, 95% CI: 0.03 to 3.77, p: 0.04). There 

Fig. 4  Forest plot of a random effects meta-analysis of the effect of Niacin on TNF-a (a) and IL-6 (b); n_int: number of participants in intervention 
group, n_con: number of participants in control group
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meta-analyses studies also showed that the efficacy of vita-
min E, ginseng, and alpha-lipoic acid supplementation in 
reducing inflammatory markers was observed exclusively 
among individuals whose initial serum CRP levels exceeded 
3 mg/dl [7, 33, 34]. These findings emphasize the impor-
tance of tailoring niacin interventions based on individual 
patient characteristics and needs. Furthermore, The sig-
nificant reduction in CRP concentrations observed in RCTs 
prescribing niacin at dosages ≤ 1000 mg/day versus higher 
dosages (> 1000  mg/day) could indicate that there might 
be a threshold effect [35]. This suggests that lower dosages 
of niacin might be more effective in reducing CRP levels, 
and increasing the dosage beyond a certain point might not 
lead to further reductions or could even result in unexpected 
outcomes. Interestingly, the dose-response analysis did not 
identify a linear relationship between niacin dose and its 
impact on CRP levels, suggesting the possibility of a thresh-
old effect for its anti-inflammatory benefits. It underscores 
the need for cautious interpretation of high-dosage regimens 
and further investigation into potential dose-dependent 

the current systematic review and meta-analysis showed 
a significant reduction in C-reactive protein (CRP) levels 
following niacin intervention. However, the substantial het-
erogeneity among the included studies highlights the need 
for caution in interpreting the results. The subgroup analy-
ses revealed specific scenarios in which niacin consistently 
reduced CRP levels, such as baseline CRP levels more than 
3  mg/dl, studies assessing hs-CRP levels, and those with 
niacin dosages lower than 1000  mg/day. High-sensitiv-
ity CRP (Hs-CRP) is often used to detect lower levels of 
inflammation and is considered a more sensitive indicator 
of cardiovascular risk [32]. Moreover, the significant reduc-
tion in CRP levels observed in studies involving individuals 
with elevated CRP levels (more than 3 mg/dl) compared to 
those with lower baseline CRP levels (≤ 3 mg/dl) suggests 
that niacin intervention might be particularly effective in 
individuals with existing inflammation. This could imply 
that niacin might have a stronger impact on reducing CRP 
levels in populations that are already at higher cardiovas-
cular risk due to elevated baseline inflammation. Previous 

Fig. 5  Forest plot of a random effects meta-analysis of the effect of Niacin on Adiponectin (a) and Leptin (b); n_int: number of participants in 
intervention group, n_con: number of participants in control group
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nuclear receptor involved in adipocyte function and Adipo-
nectin synthesis [43].

Leptin is produced primarily by adipocytes and acts as 
a satiety hormone, regulating energy balance [44]. Nia-
cin’s effects on Leptin are less well-studied compared to 
Adiponectin. However, given niacin’s role in adipose tis-
sue metabolism and insulin sensitivity, it could indirectly 
impact Leptin production. Improved insulin sensitivity can 
affect adipose tissue function, potentially leading to altera-
tions in Adiponectin and Leptin secretion [41]. Furthermore, 
niacin’s anti-inflammatory properties might contribute to 
adipokine modulation. By reducing inflammation, niacin 
could indirectly impact Adiponectin and Leptin production 
[42, 45].

This study is the first systematic review and meta-
analysis focusing on the impact of niacin on inflammatory 
markers and adipokines. However, it has some limitations, 
including the significant heterogeneity among the included 
studies. While subgroup analyses were conducted to investi-
gate potential sources of heterogeneity for certain outcomes, 
the underlying causes of this heterogeneity were not identi-
fied for the other outcomes due to the limited number of 
studies included in the final meta-analysis. Furthermore, the 
included studies exhibited diversity in terms of participant 
populations and specific inflammatory milieu in different 
pathological conditions, interventions, and study designs 
which can affect the generalization of the findings.

In conclusion, this systematic review and meta-anal-
ysis provides valuable insights into the effects of niacin 
on inflammatory markers and adipokines. The observed 
reductions in CRP levels and increases in Adiponectin lev-
els suggest the potential of niacin as a therapeutic agent 
for addressing metabolic dysregulation and inflammation. 
The findings underscore the need for more well-designed 
research to further understanding of the underlying mech-
anisms, optimize dosages, and refine treatment strategies. 
Ultimately, niacin’s potential to impact both inflammation 
and adipose tissue function highlights its role in the broader 
context of metabolic health.
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effects. The pooled-effect results of two studies assessing 
the effects of niacin on IL-6 and TNF-α revealed significant 
reduction in TNF-α levels while no statistically significant 
reduction was found in IL-6 levels.

Niacin’s anti-inflammatory effects can be attributed to 
a multifaceted interplay of mechanisms. By inhibiting adi-
pose tissue lipolysis, niacin reduces the release of free fatty 
acids (FFAs), which are associated with inflammation and 
insulin resistance [36]. Through modulation of the nuclear 
factor-kappa B (NF-κB) pathway, niacin could inhibit the 
expression of pro-inflammatory genes, resulting to reduced 
production of pro-inflammatory cytokines IL-1β, IL-6, and 
TNF-α, crucial initiators of inflammation [37]. Moreover, 
niacin’s antioxidant properties could counteract oxidative 
stress, a significant contributor of inflammation, thereby 
suppressing inflammatory signalling pathways and reducing 
inflammatory marker levels [38]. Furthermore, improved 
endothelial function, facilitated by niacin, aids in dampening 
the underlying inflammatory processes, considering endo-
thelial dysfunction’s link to inflammation and cardiovascu-
lar risk [39]. Notably, niacin’s impact on adipokines plays 
a role. Niacin’s ability to increase Adiponectin levels could 
contribute to its anti-inflammatory effects, as Adiponectin 
has anti-inflammatory properties [40, 41]. It’s important 
to note that while these mechanisms have been proposed, 
the exact ways in which niacin exerts its anti-inflammatory 
effects might involve complex interactions through various 
pathways. Further research is needed to fully elucidate the 
underlying mechanisms and to establish a comprehensive 
understanding of how niacin influences inflammation and 
inflammatory markers.

Niacin and adipokines

This systematic review and meta-analysis showed that nia-
cin could result in a significant increase in Adiponectin and 
Leptin levels. The increase in Adiponectin levels following 
niacin treatment suggests a potential mechanism through 
which niacin might improve metabolic health. However, 
the considerable heterogeneity observed in Adiponectin 
responses highlights the complexity of adipose tissue regu-
lation and the need for further investigation into the fac-
tors influencing these responses. There are several potential 
mechanisms that could elucidate how niacin influences the 
levels of Adiponectin and Leptin. Niacin’s ability to inhibit 
lipolysis and reduce FFAs might lead to improved insulin 
sensitivity and reduced inflammation [42], indirectly affect-
ing adipokine production while it can increase directly Adi-
ponectin secretion by enhancing mature adipocytes through 
differentiation [18]. Niacin could also increase Adiponectin 
gene expression and secretion by its ability to activate per-
oxisome proliferator-activated receptor gamma (PPAR-γ), a 

1 3

https://doi.org/10.1007/s00394-024-03425-8
https://doi.org/10.1007/s00394-024-03425-8


European Journal of Nutrition

to moderate coronary artery stenosis. Korean Circulation J 
41(11):641–648

13.	 Wu L, Huang W, Liu X, Yang B (2022) Investigation of the clini-
cal effects of acipimox in patients with vulnerable carotid athero-
sclerosis. Vascular:17085381221112551

14.	 Liu X-Y, Yao J-R, Xu R, Xu L-X, Zhang Y-F, Lu S, Xing Z-H, 
Fan L-P, Qin Z-H, Sun B (2020) Investigation of nicotinamide 
as more than an anti-phosphorus drug in chronic hemodialysis 
patients: a single-center, double-blind, randomized, placebo-con-
trolled trial. Annals Translational Med 8:8

15.	 Taylor AJ, Sullenberger LE, Lee HJ, Lee JK, Grace KA (2004) 
Arterial Biology for the investigation of the Treatment effects 
of reducing cholesterol (ARBITER) 2: a double-blind, placebo-
controlled study of extended-release niacin on atherosclerosis 
progression in secondary prevention patients treated with statins. 
Circulation 110(23):3512–3517

16.	 Kamanna VS, Kashyap ML (2008) Mechanism of action of nia-
cin. Am J Cardiol 101(8):S20–S26

17.	 Stofkova A (2009) Leptin and adiponectin: from energy and 
metabolic dysbalance to inflammation and autoimmunity. Endocr 
Regul 43(4):157–168

18.	 Linke A, Sonnabend M, Fasshauer M, Höllriegel R, Schuler G, 
Niebauer J, Stumvoll M, Blüher M (2009) Effects of extended-
release niacin on lipid profile and adipocyte biology in patients 
with impaired glucose tolerance. Atherosclerosis 205(1):207–213

19.	 Makimura H, Stanley TL, Suresh C, De Sousa-Coelho AL, Fron-
tera WR, Syu S, Braun LR, Looby SE, Feldpausch MN, Torriani 
M (2016) Metabolic effects of long-term reduction in free fatty 
acids with acipimox in obesity: a randomized trial. J Clin Endo-
crinol Metabolism 101(3):1123–1133

20.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE 
(2021) The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. Int J Surg 88:105906

21.	 Higgins JP, Savović J, Page MJ, Elbers RG, Sterne JA (2019) 
Assessing risk of bias in a randomized trial. Cochrane Handb Syst 
Reviews Interventions :205–228

22.	 Hozo SP, Djulbegovic B, Hozo I (2005) Estimating the mean and 
variance from the median, range, and the size of a sample. BMC 
Med Res Methodol 5(1):1–10

23.	 Balasubramanyam A, Coraza I, Smith EOB, Scott LW, Patel P, 
Iyer D, Taylor AA, Giordano TP, Sekhar RV, Clark P (2011) Com-
bination of niacin and fenofibrate with lifestyle changes improves 
dyslipidemia and hypoadiponectinemia in HIV patients on anti-
retroviral therapy: results of heart positive, a randomized, con-
trolled trial. J Clin Endocrinol Metabolism 96(7):2236–2247

24.	 Chow DC, Stein JH, Seto TB, Mitchell C, Sriratanaviriyakul N, 
Grandinetti A, Gerschenson M, Shiramizu B, Souza S, Shikuma 
C (2010) Short-term effects of extended-release niacin on endo-
thelial function in HIV-infected patients on stable antiretroviral 
therapy. AIDS 24(7):1019

25.	 Thoenes M, Oguchi A, Nagamia S, Vaccari CS, Hammoud R, 
Umpierrez G, Khan B (2007) The effects of extended-release nia-
cin on carotid intimal media thickness, endothelial function and 
inflammatory markers in patients with the metabolic syndrome. 
Int J Clin Pract 61(11):1942–1948

26.	 Vaccari CS, Nagamia S, Thoenes M, Oguchi A, Hammoud R, 
Khan BV (2007) Efficacy of controlled-release niacin in treat-
ment of metabolic syndrome: correlation to surrogate markers 
of atherosclerosis, vascular reactivity, and inflammation. J Clin 
Lipidol 1(6):605–613

27.	 Elhassan YS, Kluckova K, Fletcher RS, Schmidt MS, Garten 
A, Doig CL, Cartwright DM, Oakey L, Burley CV, Jenkinson N 
(2019) Nicotinamide riboside augments the aged human skeletal 
muscle NAD + metabolome and induces transcriptomic and anti-
inflammatory signatures. Cell Rep 28(7):1717–1728 e1716

Declarations

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1.	 Kunnumakkara AB, Sailo BL, Banik K, Harsha C, Prasad S, 
Gupta SC, Bharti AC, Aggarwal BB (2018) Chronic diseases, 
inflammation, and spices: how are they linked? J Translational 
Med 16(1):1–25

2.	 Tsoupras A, Lordan R, Zabetakis I (2018) Inflammation, not cho-
lesterol, is a cause of chronic disease. Nutrients 10(5):604

3.	 Zhong J, Shi G (2019) Regulation of inflammation in chronic dis-
ease, vol 10. Frontiers Media SA

4.	 Libby P, Ridker PM, Hansson GK, Atherothrombosis LTN (2009) 
Inflammation in atherosclerosis: from pathophysiology to prac-
tice. J Am Coll Cardiol 54(23):2129–2138

5.	 Haffner SM (2006) The metabolic syndrome: inflammation, 
diabetes mellitus, and cardiovascular disease. Am J Cardiol 
97(2):3–11

6.	 Mousavi SN, Hosseinikia M, Yousefi Rad E, Saboori S (2022) 
Beneficial effects of Ginkgo biloba leaf extract on inflammatory 
markers: a systematic review and meta-analysis of the clinical 
trials. Phytother Res 36(9):3459–3469

7.	 Saboori S, Falahi E, Rad EY, Asbaghi O, Khosroshahi MZ (2019) 
Effects of ginseng on C-reactive protein level: a systematic 
review and meta-analysis of clinical trials. Complement Ther 
Med 45:98–103

8.	 Asbaghi O, Saboori S, Hekmatdoost A, Abdollahpour F, Rad EY, 
Salehpour S (2020) Effects of selenium supplementation on serum 
C reactive protein level: a systematic review and meta-analysis of 
randomized controlled clinical trials. Obes Med 17:100182

9.	 Hamilton SJ, Chew GT, Davis TM, Watts GF (2010) Niacin 
improves small artery vasodilatory function and compliance in 
statin-treated type 2 diabetic patients. Diabetes Vascular Disease 
Res 7(4):296–299

10.	 Lukasova M, Hanson J, Tunaru S, Offermanns S (2011) Nicotinic 
acid (niacin): new lipid-independent mechanisms of action and 
therapeutic potentials. Trends Pharmacol Sci 32(12):700–707

11.	 Lee JM, Robson MD, Yu L-M, Shirodaria CC, Cunnington C, 
Kylintireas I, Digby JE, Bannister T, Handa A, Wiesmann F 
(2009) Effects of high-dose modified-release nicotinic acid on 
atherosclerosis and vascular function: a randomized, placebo-
controlled, magnetic resonance imaging study. J Am Coll Cardiol 
54(19):1787–1794

12.	 Lee K, Ahn TH, Kang WC, Han SH, Choi IS, Shin EK (2011) 
The effects of statin and niacin on plaque stability, plaque regres-
sion, inflammation and oxidative stress in patients with mild 

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


European Journal of Nutrition

nonalcoholic fatty liver disease. J Clin Endocrinol Metabolism 
95(6):2727–2735

37.	 Si Y, Zhang Y, Zhao J, Guo S, Zhai L, Yao S, Sang H, Yang N, 
Song G, Gu J (2014) Niacin inhibits vascular inflammation via 
downregulating nuclear transcription factor-κB signaling path-
way. Mediators of inflammation 2014

38.	 Ganji SH, Qin S, Zhang L, Kamanna VS, Kashyap ML (2009) 
Niacin inhibits vascular oxidative stress, redox-sensitive genes, 
and monocyte adhesion to human aortic endothelial cells. Athero-
sclerosis 202(1):68–75

39.	 Sahebkar A (2014) Effect of niacin on endothelial function: a sys-
tematic review and meta-analysis of randomized controlled trials. 
Vascular Med 19(1):54–66

40.	 Wanders D, Graff EC, White BD, Judd RL (2013) Niacin 
increases adiponectin and decreases adipose tissue inflammation 
in high fat diet-fed mice. PLoS ONE 8(8):e71285

41.	 Westphal S, Borucki K, Taneva E, Makarova R, Luley C (2007) 
Extended-release niacin raises adiponectin and leptin. Athero-
sclerosis 193(2):361–365

42.	 Digby JE, McNeill E, Dyar OJ, Lam V, Greaves DR, Choudhury 
RP (2010) Anti-inflammatory effects of nicotinic acid in adipo-
cytes demonstrated by suppression of fractalkine, RANTES, 
and MCP-1 and upregulation of adiponectin. Atherosclerosis 
209(1):89–95

43.	 Kopp C, Hosseini A, Singh SP, Regenhard P, Khalilvandi-
Behroozyar H, Sauerwein H, Mielenz M (2014) Nicotinic acid 
increases adiponectin secretion from differentiated bovine preadi-
pocytes through G-protein coupled receptor signaling. Int J Mol 
Sci 15(11):21401–21418

44.	 Blundell J, Goodson S, Halford J (2001) Regulation of appetite: 
role of leptin in signalling systems for drive and satiety. Int J Obes 
25(1):S29–S34

45.	 Yu B-l, Zhao S-p (2007) Anti-inflammatory effect is an impor-
tant property of niacin on atherosclerosis beyond its lipid-altering 
effects. Med Hypotheses 69(1):90–94

28.	 Karacaglar E, Atar I, Altin C, Yetis B, Cakmak A, Bayraktar N, 
Coner A, Ozin B, Muderrisoglu H (2015) The effects of niacin 
on inflammation in patients with non-ST elevated acute coronary 
syndrome. Acta Cardiol Sinica 31(2):120

29.	 Osar Z, Samanci T, Demirel GY, Damci T, Ilkova H (2004) Nico-
tinamide effects oxidative burst activity of neutrophils in patients 
with poorly controlled type 2 diabetes mellitus. J Diabetes Res 
5:155–162

30.	 Benjó AM, Maranhão RC, Coimbra SR, Andrade AC, Favarato 
D, Molina MS, Brandizzi LI, da Luz PL (2006) Accumulation 
of Chylomicron remnants and impaired vascular reactivity occur 
in subjects with isolated low HDL cholesterol: effects of niacin 
treatment. Atherosclerosis 187(1):116–122

31.	 Li Y, Zhong X, Cheng G, Zhao C, Zhang L, Hong Y, Wan Q, 
He R, Wang Z (2017) Hs-CRP and all-cause, cardiovascular, and 
cancer mortality risk: a meta-analysis. Atherosclerosis 259:75–82

32.	 Dong Y, Wang X, Zhang L, Chen Z, Zheng C, Wang J, Kang Y, 
Shao L, Tian Y, Wang Z (2019) High-sensitivity C reactive pro-
tein and risk of cardiovascular disease in China-CVD study. J 
Epidemiol Community Health 73(2):188–192

33.	 Saboori S, Falahi E, Eslampour E, Khosroshahi MZ, Rad EY 
(2018) Effects of alpha-lipoic acid supplementation on C-reactive 
protein level: a systematic review and meta-analysis of random-
ized controlled clinical trials. Nutr Metabolism Cardiovasc Dis 
28(8):779–786

34.	 Saboori S, Shab-Bidar S, Speakman J, Yousefi Rad E, Djafarian 
K (2015) Effect of vitamin E supplementation on serum C-reac-
tive protein level: a meta-analysis of randomized controlled trials. 
Eur J Clin Nutr 69(8):867–873

35.	 Lavigne PM, Karas RH (2013) The current state of niacin in car-
diovascular disease prevention: a systematic review and meta-
regression. J Am Coll Cardiol 61(4):440–446

36.	 Fabbrini E, Mohammed BS, Korenblat KM, Magkos F, McCrea 
J, Patterson BW, Klein S (2010) Effect of fenofibrate and nia-
cin on intrahepatic triglyceride content, very low-density 
lipoprotein kinetics, and insulin action in obese subjects with 

1 3


	﻿The effect of niacin on inflammatory markers and adipokines: a systematic review and meta-analysis of interventional studies
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Search strategy
	﻿Inclusion and exclusion criteria
	﻿Data extraction
	﻿Quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Search results and study selection
	﻿Characteristics of the included studies
	﻿The effect of niacin on CRP
	﻿The effect of niacin on IL-6 and TNF-a
	﻿The effect of niacin on Adiponectin and Leptin

	﻿Discussion
	﻿Niacin and inflammatory markers
	﻿Niacin and adipokines

	﻿References


