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Abstract \\
Background: Lipid profiles and glycemic control play a critical role in subsequent atherosclerotic cardiovascular disease for |
patients with type 2 diabetes mellitus (T2DM). This study aimed to evaluate the effectiveness of niacin supplementation on lipid
profiles and glycemic control for patients with T2DM.

Methods: The PubMed, Embase, and the Cochrane Library databases were searched to identify randomized controlled trials
(RCTs) that investigated the effects of niacin supplementation for patients with T2DM throughout December 2019. The weighted
mean differences (WMDs) with 95% confidence intervals (Cls) were applied to calculate the pooled effect estimates using a random-
effects model.

Results: Eight RCTs comprised a total of 2110 patients with T2DM who were selected for final quantitative analysis. The patients’
niacin supplementation was associated with lower levels of total cholesterol (WMD, —0.28; 95% Cl, —0.44 to —0.12; P=.001),
triglyceride (WMD, —0.37; 95% Cl, —0.52 to —0.21; P <.001), and low-density lipoprotein (WMD, —0.42; 95% CI, —0.50 to —0.34;
P <.001). Moreover, the level of high-density lipoprotein was significantly increased when niacin supplementation (WMD, 0.33; 95%
Cl, 0.21 to 0.44; P <.001) was provided. However, niacin supplementation produced no significant effects on plasma glucose
(WMD, 0.18; 95% Cl, —0.14 to 0.50; P=.275) and hemoglobin A1c (HbA1c) levels (WMD, 0.39; 95% Cl, —0.15 to 0.94; P=.158).

Conclusions: This study found that niacin supplementation could improve lipid profiles without affecting the glycemic levels for
patients with T2DM. Additional large-scale RCTs should be conducted to evaluate the long-term effectiveness of niacin
supplementation.

Abbreviations: Cls = confidence intervals, HDL = high-density lipoprotein, LDL = low-density lipoprotein, RCTs = randomized
controlled trials, T2DM = type 2 diabetes mellitus, TC = total cholesterol, TG = triglycerides, WMDs = weighted mean differences.
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1. Introduction

Type 2 diabetes mellitus (T2DM) involves a group of disorders of
intermediary metabolism and is characterized by glucose
intolerance.""! Patients diagnosed with T2DM have increased
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risk of death, cardiovascular disease, blindness, kidney, and
lower-limb amputation.!”! Presently, there are >400 million
adults with T2DM worldwide; this number is increasing rapidly
and causing substantial economic costs.®! The increased
prevalence of T2DM is correlated with increased body fat and
inactivity,*! which often accompanies atherogenic dyslipidemia
and is associated with high plasma triglycerides (TG) and lower
high-density lipoprotein (HDL) concentrations.”®! Statins are
widely used for improving lipid profiles and further reducing
cardiovascular risk, while residual risk remains due to the
modest effects of statins on plasma TG and HDL concen-
trations.!®! Therefore, additional management strategies should
be identified to further improve lipid profiles in patients with
T2DM.

Niacin is an essential B vitamin that plays an important role in
increasing HDL, lowering plasma TG, and low-density lipopro-
tein (LDL).""! Studies have already proven that niacin
supplementation could regress coronary atherosclerosis and
prevent risk of cardiac death."®'"1 However, whether niacin
supplementation could produce additional clinical benefits in
patients with dyslipidemia treated with statins remains contro-
versial.l'">*! Clarifying the effects of niacin supplementation is
particularly important in patients with T2DM because of the high
prevalence of dyslipidemia in these patients, and because this
concern has not yet been addressed. Therefore, this meta-analysis
based on randomized controlled trials (RCTs) was conducted to
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evaluate the effects of niacin supplementation on lipid profiles
and glycemic control in patients with T2DM.

2. Materials and methods

2.1. Data sources, search strategy, and selection criteria

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis."*!
RCTs investigated the effects of niacin supplementation on lipid
profiles and glycemic control for patients with T2DM who were
identified as eligible participants for this study, without
restriction on published language. The effectiveness of niacin
supplementation on total cholesterol (TC), TG, LDL, HDL,
plasma glucose, and HbAlc was examined. The electronic
databases of PubMed, Embase, and the Cochrane Central
Register of Controlled Trials were systematically searched for
eligible studies throughout December 2019, using the following
search terms: (niacin or nicotinic acid or NIASPAN or vitamin
B3) and diabetes. Moreover, the hand-searches were performed
by reviewing the reference lists from the retrieved studies to select
any potential eligible studies. Ethics statement is not applicable in
this study.

The literature search and study selection were conducted by
two authors following a standardized flow, and conflicts between
authors were discussed until a consensus was reached. The
inclusion criteria of this study based on Patients, Intervention,
Control, Outcomes, and Study design (PICOS), and the details of
the inclusion criteria are listed as follows: patients: all of the
included patients diagnosed with T2DMj intervention: niacin
supplementation, irrespective of dosage or other background
therapies; control: placebo or no treatment, and the background
therapies that were consistent with the intervention group;
outcomes: at least 1 of TC, TG, LDL, HDL, plasma glucose, and
HbA ¢ should be reported; and study design: RCT design.

2.2. Data collection and quality assessment

Two authors independently extracted the data from the included
studies following a standardized protocol, and a third data check
was conducted for disagreement by reading the original article.
The collected variables were derived from the included studies,
for example, first author’s name, publication year, country, study
design, sample size, mean age, percentage male, body mass index,
HbA1c, fasting blood glucose, intervention, control, follow-up,
and investigated outcomes. Moreover, the study quality was
assessed using the Jadad scale.l'® The Jadad scale based on
randomization, blinding, allocation concealment, withdrawals
and dropouts, use of intention-to-treat analysis, and the coring
system was in the range of 0 to 5. The study quality was
conducted by 2 authors, and any inconsistency was settled by
discussion until a consensus was reached.

2.3. Statistical analysis

The treatment effectiveness of niacin supplementation on lipid
profiles and glycemic control for patients with T2DM was
assigned as continuous data, and the weighted mean differences
(WMDs) with 95% confidence intervals (ClIs) were calculated
before the data pooling. A random-effects model was applied for
pooling the effect estimates of niacin supplementation.”>181 A
heterogeneity test was performed using I and Q statistics, and I?
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> 50.0% or P<.10 was considered as significant heterogene-
ity.1?2% The stability of pooled conclusions was tested using a
sensitivity analysis,”!! and the sources of heterogeneity were
explored using a subgroup analysis. Moreover, the difference
between the subgroups was tested using interaction P test, which
assumed that the data distribution met the normality.[*?!
Publication bias was tested using the funnel plot, Egger and
Begg tests.>*?* The inspection levels are 2-sided, and P <.05
was considered as the pooled conclusion with statistical
significance. All of the statistical analyses were conducted using
STATA software (version 10.0, Stata Corporation, College
Station, TX).

3. Results

3.1. Literature search

A total of 541 records were identified by initial electronic
database searches, and 352 were excluded because of duplicate
topics. The remaining 189 studies were retrieved for review of
titles and abstracts, and 138 articles were excluded because of
irrelevant topics. A total of 51 studies were retrieved for full-text
evaluations, and eight studies were selected for final pooled
analyses.!”>3?! The manual searches for the reference lists of
retrieved studies did not yield new eligible studies. A PRISMA
flowchart for study selection is shown in Figure 1.

3.2. Study characteristics

The baseline characteristics of studies and patients are shown in
Table 1. Of the eight included studies, a total of 2110 patients
with T2DM were recruited. Studies published ranged from 1990
t0 2016, and 15 to 1053 patients were included in each individual
trial. Six studies were designed as parallel double-blind trials, and
the remaining 2 studies were designed as crossover trials. Five
studies were conducted in the United States or Canada, 2 studies
were conducted in Australia, and the remaining 1 study was
conducted in Switzerland. Three studies combined niacin with
statins, while the remaining 5 studies used niacin alone. The
follow-up duration ranged from 8.0 weeks to 12.0 months. The
study quality was assessed using the Jadad scale, 4 studies had 3
scores, and the remaining 4 studies had 2 scores.

33. TC

The data for the effect of niacin supplementation on TC were
available in § trials. The pooled results suggested that niacin
supplementation significantly reduced the level of TC (WMD,
—0.28; 95% CI, —0.44 to —0.12; P=.001) (Fig. 2), and that
significant heterogeneity was detected across the included trials
(I=74.0%; P=.002). The sensitivity analysis indicated that the
pooled conclusion was stability (Supplemental Digital Content 1,
http://links.lww.com/MD/E557). The significant differences be-
tween the niacin and the control groups were observed in mostly
the subgroups, while niacin supplementation was not associated
with the level of TC if the studies were conducted in Australia or
Switzerland, if the studies were designed as crossover studies, if
they were combined with statins, or if follow-up duration was
>20.0 weeks (Table 2). Moreover, the difference of TC between
the niacin and the control groups could be affected by the niacin
dosage (P<.001). No significant publication bias for TC was
detected (P value for Egger, .091; P value for Begg, .452)
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Figure 1. The PRISMA flowchart for the study selection process.

(Supplemental Digital Content 2, http:/links.lww.com/MD/
ES558).

3.4. TG

The data for the effect of niacin supplementation on TG were
available in 6 trials. We noted that niacin supplementation was
associated with lower TG level (WMD, -0.37; 95% CI, —0.52 to
—0.21; P<.001) (Fig. 3), and that significant heterogeneity was
shown among the included trials (I’=67.8%; P=.005). The
pooled conclusion was stability and was not altered by excluding
the individual trial (Supplemental Digital Content 1, http:/links.
lww.com/MD/ES557). There were significant differences between
the niacin and the control groups on TG in mostly the subgroups,
while there were no significant differences between the niacin and
the control groups if the studies were conducted in Australia or
Switzerland, if the studies were designed as crossover studies, if
they were combined with statins, or if follow-up duration was
>20.0 weeks (Table 2). Moreover, the effect of niacin
supplementation on TG could be affected by the niacin dosage
(P=.002). Although the Begg test indicated no significant
publication bias for TG (P=.548), significant publication was
detected by using the Egger test (P=.029). The conclusion was
not changed after the adjustment of publication bias using the
trim and fill method (Supplemental Digital Content 2, http://
links.lww.com/MD/ES558).

3.5. LDL

The data for determining the effect of niacin supplementation on
LDL were available in 6 trials. The pooled WMD suggested that
niacin supplementation significantly reduced the level of LDL
(WMD, —0.42; 95% CI, —0.50 to —0.34; P<.001) (Fig. 4), and
that there was no evidence of heterogeneity (I*=0.0%; P=.590).
The conclusion was not altered by sequentially excluding
individual trial (Supplemental Digital Content 1, http:/links.
lww.com/MD/ES57). Although significant differences between
the groups were observed in mostly the subgroups, we noted that
niacin supplementation did not affect the level of LDL when the
studies were conducted in Australia or Switzerland, or when there
was follow-up duration of > 20.0 weeks (Table 2). There was no
significant publication bias for LDL (P value for Egger: .167;
P value for Begg: .548) (Supplemental Digital Content 2, http://
links.lww.com/MD/ES58).

3.6. HDL

The data for determining the effect of niacin supplementation on
HDL were available in 7 trials. We noted that the HDL level was
significantly increased when the patients were treated with niacin
(WMD, 0.33; 95% CI, 0.21-—0.44; P<.001) (Fig. 5), and that
there was significant heterogeneity across the included trials (I* =
89.8%; P<.001). The pooled conclusion was robustness and
was not affected by excluding any particular trial (Supplemental
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Baseline characteristics of studies included in the meta-analysis.

Sample Mean Percentage BMI

Study Country Study design size age (yr) male (%) (kg/m?)

HbA1c
(%)

FBG
(mmol/L)

Study

Intervention Control Follow-up quality

Garg 1990 us Crossover 13/13  59.0 100.0 29.9

Elam 2000 % us Parallel 64/61

Double-blind

87.2 28.0

Grundy 2002 27 US Parallel 49/45  59.0
Double-blind
Parallel 7/8

Double-blind

Hamilton 2010 8 Australia 65.0 NA 30.0

Sorrentino 2010 % Switzerland Parallel
Double-blind

15/15  60.0 84.8 33.0

Maclean 2011 % US Parallel 2171175 62.0 30.7
Double-blind
Parallel

Double-blind

Crossover

Maclean 2011 % US 215/161  61.8

Pang 2014 BV Australia 1212 63.0 317

Goldberg 2016 2 US and

Canada

Parallel 547/506  64.7 32.6

Double-blind

9.6

7.8

7.2

7.3

6.6

6.3

7.5

NA

6.6

7.2

9.3

7.6

7.1

7.1

6.5

8.2

6.8

7.0

Nicotinic acid gradually Placebo 8.0 wk 2
increased from 50 mg 3
times daily on the first
day to 1.5 g 3 times per
day by the end of third
week

Niacin increased to 750 mg
twice daily with
subsequent increases to
1500 mg twice daily, or
until maximum tolerated
dose was reached

Niacin at 1000 mg

Placebo 18.0 wk 3

Placebo 16.0 wk 3

Nicotinic acid prolonged Statin 20.0 wk 2
release dose titrated to
1500 mg/d with statin

Extended-release niacin was
started at 500 mg/d, and
the dosage was
increased every month to
achieve 1000 and 1500
mg/d

Extended-release niacin/
laropiprant 1 g/20 mg

Extended-release niacin/
laropiprant 1 g/20 mg

Rosuvastatin plus extended-
release niacin (10
subjects were fitrated to
29, 1subjectto1.5¢g
and 1 subject to 1 g)

Extended-release niacin from Simvastatin/ezetimibe 12.0 mo 3
500 mg to 2000 mg per
day plus simvastatin/
ezetimibe

Placebo 3.0 mo 2

Placebo 12.0 wk 3

Placebo 12.0 wk 3

Rosuvastatin 12.0 wk 2

BMI = body mass index, FBG = fasting blood glucose.

Study

WMD

(95% Cl) % Weight

Garg 1990 =

Elam 2000

Hamilton 2010

Maclean 2011
Maclean 2011

Pang 2014

Overall

-2 0
Effect size

-1.53 (-2.32,-0.74) 3.7

-0.57 (-0.90,-0.24) 14.0
-0.20 (-0.76, 0.36) 6.6
-0.12 (-0.19,-0.05) 32.4
-0.20 (-0.28,-0.11) 315
-0.22 (-0.60, 0.16) 11.8

—-0.28 (-0.44,-0.12); P=0.001 100.0
(I-square: 74.0%; P=0.002)

Figure 2. Effect of niacin supplementation on TC. TC = total cholesterol.
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Subgroup analyses for lipid profiles and glucose.

Heterogeneity P value for P value between
Outcomes Factors Subgroup WMD and 95%CI P value (%) heterogeneity subgroups
TC Country us —0.31 (—0.50 to —0.11) .002 84.3 <.001 791
Other —0.21 (—0.53 t0 0.10) 183 0.0 .954
Study design Parallel —0.20 (—0.32 to —0.08) .001 61.2 .052 .088
Crossover —0.83 (—2.11 t0 0.45) 205 88.3 .003
Daily dosage High —0.98 (—1.91 to —0.05) .039 79.3 .028 <.001
Low —0.15 (=0.21 to —0.10) <.001 0.0 597
Statins use Yes —0.21 (—0.53 t0 0.10) 183 0.0 .954 791
No —0.31 (—0.50 to —0.11) .002 84.3 <.001
Follow-up >20.0 wk —0.20 (—0.76 to 0.36) 484 - - 921
<20.0 wk —0.29 (—0.46 to —0.12) .001 79.2 .001
TG Country us —0.33 (—0.47 to —0.19) <.001 755 .007 200
Other —0.85 (—1.93 t0 0.23) 121 57.8 .093
Study design Parallel —0.33 (—0.47 to —0.19) <.001 69.2 011 220
Crossover —1.06 (—2.63 t0 0.52) 189 75.9 .042
Daily dosage High —1.21 (—2.28 to —0.14) .026 56.4 130 .002
Low —0.27 (—0.36 to —0.18) <.001 38.2 .166
Statins use Yes —0.37 (—0.94 to 0.20) 201 0.0 .936 731
No —0.38 (—0.55 to —0.21) <.001 784 .001
Follow-up >20.0 wk —0.30 (—2.15 10 1.55) 751 - - 977
<20.0 wk —0.37 (—0.53 to —0.21) <.001 73.2 .002
LDL Country us —0.45 (—0.53 to —0.36) <.001 0.0 812 110
Other —0.24 (—0.48 to 0.00) .054 0.0 .568
Study design Parallel —0.43 (—0.52 to —0.33) <.001 5.6 375 625
Crossover —0.35 (—0.64 to —0.06) 017 0.0 .681
Daily dosage High —0.45 (—0.72 to —0.18) .001 0.0 872 .848
Low —0.41 (=0.51 to —0.31) <.001 12.7 .333
Statins use Yes —0.30 (—0.57 to —0.03) .030 0.0 .691 .350
No —0.44 (—0.52 to —0.35) <.001 0.0 460
Follow-up >20.0 wk —0.20 (—0.76 to 0.36) 484 - - 431
<20.0 wk —0.43 (—0.51 to —0.34) <.001 0.0 .546
HDL Country us 0.41 (0.27 to 0.55) <.001 914 <.001 <.001
Other 0.20 (0.13 t0 0.28) <.001 0.0 570
Study design Parallel 0.37 (0.23 to 0.50) <.001 91.5 <.001 .002
Crossover 0.21 (0.12 t0 0.31) <.001 0.0 373
Daily dosage High 0.26 (0.17 to0 0.35) <.001 0.0 1.000 014
Low 0.35 (0.21 to 0.50) <.001 92.0 <.001
Statins use Yes 0.15 (0.03 to 0.28) 014 0.0 .642 .001
No 0.38 (0.25 to 0.50) <.001 91.2 <.001
Follow-up >20.0 wk 0.10 (—0.16 to 0.36) 451 - - .048
<20.0 wk 0.35 (0.23 to 0.47) <.001 90.8 <.001
Plasma glucose Country us 0.48 (—0.28 to 1.24) 220 53.8 115 .895
Other 0.19 (-0.73 t0 1.11) .690 0.0 .628
Study design Parallel 0.09 (—0.17 to 0.35) 505 0.0 400 146
Crossover 1.01 (—0.20 to 2.21) 103 0.0 .649
Daily dosage High 1.00 (0.12 to 1.88) .026 0.0 718 042
Low 0.05 (—0.21 t0 0.31) 714 0.0 .796
Statins use Yes 0.06 (—0.21 to 0.33) .660 0.0 .641 176
No 0.59 (—0.22 t0 1.39) 151 217 279
Follow-up >20.0 wk 0.90 (—1.53 t0 3.33) 468 - - 531
<20.0 wk 0.24 (—0.18 t0 0.67) .265 18.1 .300
HbA1c Country us 0.90 (—0.41 to 2.21) 180 66.3 .085 158
Other 0.17 (—0.55 t0 0.89) 643 55.3 107
Study design Parallel 0.22 (—0.44 t0 0.88) 517 63.8 .063 295
Crossover 0.91 (—0.50 to 2.32) 205 64.5 .093
Daily dosage High 0.90 (—0.41 to 2.21) 180 66.3 .085 158
Low 0.17 (—0.55 t0 0.89) 643 55.3 107
Statins use Yes 0.51 (=0.13 to 1.15) 119 0.0 419 464
No 0.37 (—0.51 t0 1.24) 409 75.8 .016
Follow-up >20.0 wk 0.90 (—0.24 t0 2.04) 122 - - 285
<20.0 wk 0.32 (—0.30 t0 0.93) 312 63.8 .040

Cls = confidence intervals, HDL = high-density lipoprotein, LDL = low-density lipoprotein, TC = total cholesterol, TG = triglycerides, LDL = low-density lipoprotein, WMDs = weighted mean differences.
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WMD
Study (95% ClI) % Weight
Garg 1990 —-2.01 (-3.46,-0.56) 1.1
Elam 2000 + -0.84 (-1.27,-0.40) 9.9
Hamilton 2010 —-0.30 (-2.15, 1.55) 0.7
Sorrentino 2010 -2.02 (-3.39,-0.65) 1.3
Maclean 2011 . -0.26 (-0.32,-0.19) 40.8
Maclean 2011 . -0.26 (-0.33,-0.19) 40.4
Pang 2014 —!—— -0.38 (-0.98, 0.22) 5.8
Overall <’> -0.37 (-0.52,-0.21); P<0.001 100.0
(I-square: 67.8%; P=0.005)
| |
-2 0 2
Effect size

Figure 3. Effect of niacin supplementation on TG. TG = triglycerides.

Digital Content 1, http:/links.lww.com/MD/E557). We noted
that niacin supplementation significantly increased the HDL level
in mostly the subgroups except for the follow-up duration of
>20.0 weeks (Table 2). Moreover, the effect of niacin
supplementation on HDL could be affected by country

(P<0.001), study design (P=.002), daily dosage (P=.014),
use of statins (P=.001), and follow-up duration (P=.048). No
significant publication bias for HDL was observed (P value for
Egger: .571; P value for Begg: .319) (Supplemental Digital
Content 2, http://links.lww.com/MD/ES58).

WMD
Study (95% ClI) % Weight
Garg 1990 -0.51 (-1.31, 0.29) 1.1
Elam 2000 —I— -0.44 (-0.73,-0.15) 8.0
Hamilton 2010 -0.20 (-0.76, 0.36) 2.2
Sorrentino 2010 0.00 (-0.53, 0.53) 2.4
Maclean 2011 —.— -0.40 (-0.53,-0.28) 41.9
Maclean 2011 —.'— -0.50 (-0.63,-0.36) 37.4
Pang 2014 ——-— -0.33 (-0.64,-0.02) 7.0
Overall <> -0.42 (-0.50,-0.34); P<0.001100.0
(I-square: 0.0%; P=0.590)
[ 1
- 0 1
Effect size

Figure 4. Effect of niacin supplementation on LDL. LDL = low-density lipoprotein.
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Effect size

Study (95% Cl) % Weight
Garg 1990 —I— 0.26 ( 0.12, 0.40) 12.1
Elam 2000 - 0.26 ( 0.15, 0.37) 13.0
Grundy 2002 l 0.33 ( 0.28, 0.39) 14.2
Hamilton 2010 ——I—— 0.10 (-0.16, 0.36) 8.4
Sorrentino 2010 —.* 0.23 (0.14, 0.33) 13.4
Maclean 2011 . B 0.58 (0.49, 0.67) 13.5
Maclean 2011 - 0.59 ( 0.49, 0.69) 13.3
Pang 2014 —I— 0.17 (0.03, 0.31) 12.1

Overall <> 0.33 (0.21, 0.44); P<0.001 100.0

(I-square: 89.8%; P<0.001)

Effect size

1

Figure 5. Effect of niacin supplementation on HDL. HDL = high-density lipoprotein.

3.7. Plasma glucose

The data for determining the effect of niacin supplementation on
plasma glucose were available in 6 trials. There was no significant
difference between the niacin and the control groups for the level
of plasma glucose (WMD, 0.18; 95% CI, —0.14 to 0.50;
P=.275) (Fig. 6), and there was unimportant heterogeneity
across the included trials (I?=5.2%; P=.383). The sensitivity
analysis suggested that the conclusion was not changed by
sequentially excluding the individual trial (Supplemental Digital
Content 1, http:/links.lww.com/MD/E557). Moreover, we noted
that patients treated with a high dosage of niacin were associated
with high levels of plasma glucose, and that the daily dosage of
niacin could affect the niacin supplementation on the level of
plasma glucose (P=.042). There was no significant publication
bias for plasma glucose (P value for Egger: 0.098; P value for
Begg: .707) (Supplemental Digital Content 2, http:/links.lww.
com/MD/ES58).

3.8. HbA1c

The data for determining the effect of niacin supplementation on
HbA ¢ were available in 5 trials. Niacin supplementation has no
significant effect on HbAlc levels (WMD, 0.39; 95% CI, —0.15
to 0.94; P=0.158) (Fig. 7), and there was significant heterogene-
ity across the included trials (I°=57.6%; P=.051). The
sensitivity analysis indicated that niacin supplementation might
be associated with a high level of HbA1c when excluding the trial
conducted by Sorrentino et al (Supplemental Digital Content 1,
http://links.lww.com/MD/ES57). No significant differences be-
tween the subgroups were observed in all of the subgroups
(Table 2). There was no significant publication bias for HbAlc

(P value for Egger: .391; P value for Begg: .221) (Supplemental
Digital Content 2, http:/links.lww.com/MD/ES58).

4. Discussion

The effect of niacin supplementation on lipid profiles and
glycemic control in patients with T2DM has not been confirmed.
The current study based on RCTs explored the possible effects of
niacin supplementation and the outcomes of TC, TG, LDL, HDL,
plasma glucose, and HbA1c. This meta-analysis involved 2,110
patients with T2DM from 8 RCTs across a wide range of
patients’ characteristics. The results of this study suggested that
niacin supplementation significantly reduced the levels of TC,
TG, and LDL, and increased the level of HDL. Moreover, there
were no significant differences between the niacin and the control
groups for the levels of plasma glucose and HbAlc.

A meta-analysis conducted by Ding et al involved 7 RCTs and
suggested that niacin supplementation could improve lipid
profiles for patients with T2DM, while the glucose should be
monitored after long-term niacin supplementation.'**! Although
the analysis of this study was based on the changes of lipid
profiles and glucose, the data were transformed from pooled
data, and the accuracy effect estimates were not reported.
Sahebkar et al conducted a meta-analysis of 14 RCTs and found
that niacin supplementation significantly reduced the level of
lipoprotein(a).**! However, this study did not report lipid
profiles, and the involved patients were not restricted to T2DM.
Therefore, the current study was conducted based on RCTs to
evaluate the effects of niacin supplementation on lipid profiles
and glycemic control in patients with T2DM.

The pooled results of this study demonstrated that the lipid
profiles were significantly improved in patients with T2DM,
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Figure 6. Effect of niacin supplementation on plasma glucose.

which were consistent with previous studies.””™ Potential
explanations for this included pleiotropic effects of niacin,
dosage titration, and background therapies. Moreover, niacin
plays a important role on the synthesis of TG and LDL in the liver
through inhibit the mobilization of free fatty acids to the liver by
peripheral adipose tissue.>’! Furthermore, the increased HDL

level in patients received niacin could be owing to the increased
apolipoprotein A-I synthesis and blocked apolipoprotein A-I
consumption in liver.®*! The subgroup analyses suggested that
niacin supplementation could affect TC, and that TG could affect
the dosage of niacin. Moreover, the level of HDL in patients
treated with niacin could be affected by country, study design,

WMD
Study (95% ClI) % Weight
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Hamilton 2010 L 0.90 (-0.24, 2.04) 14.2
Sorrentino 2010 ——— —~0.40 (~1.05, 0.25) 24.6
Pang 2014 . 0.33 (-0.45, 1.11) 21.3
Overall <<> 0.39 (-0.15, 0.94); P=0.158 100.0

(I-square: 57.6%; P=0.051)
[ 1

-1 0 1
Mean difference

Figure 7. Effect of niacin supplementation on HbA1c.
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daily dosage, use of statins, and follow-up duration. The
potential reason for this included the following:

(1) the background management strategies for patients with
T2DM;

(2) the small number of studies in several subgroups and the
unstable conclusions;

(3) the severity of the disease status; and

(4) the difference in the effects of niacin between short- and long-
term treatment duration.

The pooled results suggested that there were no significant
differences between the niacin and the control groups for the
plasma glucose and HbAlc levels. However, the sensitivity
analysis suggested that the HbA1c level was significantly increased
when the patients were treated with niacin. Moreover, the
subgroup analyses found that a high dosage of niacin supplemen-
tation was associated with a high level of plasma glucose. Although
the mechanism for the detrimental effects of niacin on glycemic
control remains controversial, the synergistic effect might exist
because statins are associated with an increased risk of
diabetes.**3”! Therefore, a high niacin supplementation for
patients with T2DM should be cautiously administered because
of the potential detrimental effect of niacin on glycemic control.

Several strengths and limitations in this study should be
highlighted. First, the analysis was based on RCTs, and the selection
and confounder biases were minimized as shown in observational
studies. Second, the stratified analyses for lipid profiles and glycemic
control were conducted based on the study or the patients’
characteristics. However, the analysis based on study-level and the
individual patient’s data were not available, which restricted us from
conducting more detailed analyses. Moreover, the publication bias
was inevitable because of the analysis based on published articles.
Finally, the heterogeneity was not fully explained through sensitivity
and subgroup analyses, which suggested that the effects of niacin
supplementation on lipid profiles and glycemic control could be
affected by unknown variables.

5. Conclusion

This study suggested that niacin supplementation could improve
the lipid profiles, including TC, TG, LDL, and HDL for patients
with T2DM. Moreover, although there were no significant
differences between the niacin and the control groups for plasma
glucose and HbAlc levels, the results of sensitivity and the
subgroup analyses suggested that niacin supplementation might
produce a harmful effect on plasma glucose and HbAlc levels.
Further large-scale RCTs should be conducted to evaluate the
long-term effects of niacin supplementation on the prognosis of
patients with T2DM.
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