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Abstract 

Background  There are contradictory effects regarding the effect of NAD + precursor on glucose metabolism 
and liver enzymes. In order to obtain a better viewpoint from them, this study aimed to comprehensively investigate 
the effects of NAD + precursor supplementation on glucose metabolism, C-reactive protein (CRP), and liver enzymes.

Methods  PubMed/MEDLINE, Web of Science, SCOPUS, and Embase databases were searched using standard 
keywords to identify all controlled trials investigating the glucose metabolism, CRP, and liver enzymes effects 
of NAD + precursor. Pooled weighted mean difference (WMD) and 95% confidence intervals (95% CI) were achieved 
by random-effects model analysis for the best estimation of outcomes.

Results  Forty-five articles with 9256 participants’ were included in this article. The pooled findings showed 
that NAD + precursor supplementation had a significant increase in glucose (WMD: 2.17 mg/dL, 95% CI: 0.68, 
3.66, P = 0.004) and HbA1c (WMD: 0.11, 95% CI: 0.06, 0.16, P < 0.001) as well as a significant decrease in CRP (WMD: 
-0.93 mg/l, 95% CI -1.47 to -0.40, P < 0.001) compared with control group, and was not statistically significant 
with respect to insulin and homeostasis model assessment of insulin resistance (HOMA-IR). However, we found 
no systemic changes in aspartate transaminase (AST), alanine transaminase (ALT), or alkaline phosphatase (ALP) levels 
after NAD + precursor supplementation. The results of the subgroup analysis showed that the intake of NAD + pre-
cursor during the intervention of more than 12 weeks caused a greater increase in the glucose level. Furthermore, 
Nicotinic acid supplementation (NA) causes a greater increase in glucose and HbA1c levels than nicotinamide (NE) 
supplementation.

Conclusions  Overall, these findings suggest that NAD + precursor supplementation might have an increase effect 
on glucose metabolism as well as a decrease in CRP.
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Introduction
Diabetes is a chronic and progressive disease generally 
characterised by high fasting blood glucose concentra-
tions [1, 2] or changes in levels of other factors such as 
glycated haemoglobin (HbA1c) [3, 4], and HOMA-IR [5]. 
Evidence suggests that diabetes impairs the function of 
different organs like the heart, kidneys, eyes, and espe-
cially the liver [6–10]. In actuality, diabetes causes liver 
function to be disrupted due to the increased lipid influx 
into the liver and de novo lipid syntheses [11, 12], which 
are shown by elevated liver enzymes (AST and ALT) [13]. 
In addition, diabetes causes disruption in mitochondrial 
function [14], metabolic dysregulation [15], oxidative 
damage [16], and NAD + redux abnormalities [17–19].

According to estimates, the number of individuals over 
20 years old with diabetes will rise to more than 700 mil-
lion by 2045 [20]. Therefore, conducting interventional 
studies in order to stop the complications of diabetes 
seems necessary.

The NAD + precursor and related compounds are of 
great interest due to their therapeutic effects, especially 
in the treatment of hyperlipidemia [21]; the findings indi-
cate that the NAD + precursor, which is predominantly 
synthesised by the salvage pathways from the recovery 
of nicotinamide (NE) and nicotinic acid (NA) biogenesis, 
is an essential metabolic cofactor in cellular metabo-
lism [22]. Thus, maintaining the cytosolic NAD+/NADH 
ratio within the normal range is critical. While this ratio 
decreases in diabetes and is referred to as pseudohy-
poxia, which leads to oxidative stress [19, 23]. Yoshinno 
et al. also reported the depletion of NAD + in mice liver 
due to the accumulation of fat caused by insulin resist-
ance and impaired glucose metabolism [24]. In recent 
years, studies have shown that NAD + precursors can sig-
nificantly cause hyperglycemia and reduce inflammation 
[18, 21] and have a moderate effect on liver enzymes [25, 
26]. However, the NAD + supplementation effect on glu-
cose metabolism measurement criteria and liver enzymes 
is still obscure. In order to assess the effects of different 
NAD + precursor supplements on fasting blood glucose, 
HbA1c, insulin, and HOMA-IR as well as CRP, ALT, AST, 
and ALP as liver enzymes, this systematic review and 
meta-regression analysis based on known clinical studies 
was conducted.

Methods
Search strategy
The Preferred Reporting Items for Systematic Review 
and Meta-analysis (PRISMA) criteria were followed for 
conducting this study [27]. Without regard to language 
or time restrictions, a thorough search was carried out 
in the PubMed/MEDLINE, Web of Science, SCOPUS, 
and Embase databases from the beginning to April 2024. 

Additionally, similar papers and gray literature were con-
sidered in the search. Medical subject headings (MeSH) 
and Emtree (Embase subject headings) were selected to 
search the online databases, as follow: (“NAD” OR "NAD 
precursor" OR "Nicotinic Acids" OR "Niacin" OR "Niaci-
namide" OR "Nicotinamide Mononucleotide" OR Nias-
pan OR acipomax OR Niagen) AND (“Insulin Resistance” 
OR Insulin OR HOMA-IR OR Glucose OR “Glucose 
Intolerance” OR “Glycated Hemoglobin” OR “HbA1c” 
OR "C-Reactive Protein" OR "Inflammation" OR “Aspar-
tate Transaminase” OR AST OR “Alanine Transaminase” 
OR ALT OR SGOT OR SGPT OR “Alkaline Phosphatase” 
OR ALP) AND ("Clinical Trials as Topic" OR "Cross-
Over Studies" OR "Double-Blind Method" OR "Single-
Blind Method" OR "Random Allocation" OR "Clinical 
Trial") (The specific search strategy is described in the 
Supplementary Appendix S1). The reference lists of the 
publications retrieved and linked review studies were 
manually searched to identify potentially overlooked 
qualifying trials. We also performed a “snowball search” 
to add other RCTs (not included in this study).

Eligibility criteria
Using titles, abstracts, or the complete texts of the 
research, two writers separately removed duplicate arti-
cles before finding and reviewing relevant publications. 
In the end, the papers were separated based on the fol-
lowing standards: 1) Randomized clinical trials studies; 2) 
NAD + precursor supplementation (nicotinic acid (NA) 
or nicotinamide (NE) supplementation) was given as an 
intervention in individual’s aged 18 and over; and 3) base-
line and post in both group (intervention and control) 
glucose, insulin, HOMA-IR, HbA1c, CRP, ALP, AST, and 
ALT were recorded. The most recent or longest follow-
up period was used when a research revealed results at 
more than one follow-up time. Studies with duplicated 
data, studies with ambiguous information, studies in 
which NAD + precursor was used as an intervention 
alongside other commonly prescribed medications, non-
randomized trial designs, animal studies, studies with-
out a control group, reviews, and meta-analysis studies 
were also excluded. The PICOS criteria for inclusion and 
exclusion of studies were as follows. Population: indi-
vidual’s aged 18 and over; Intervention: NAD + precursor 
supplementation (nicotinic acid (NA) or nicotinamide 
(NE) supplementation); Comparator: other interven-
tion or placebo; Outcomes: glucose, insulin, HOMA-IR, 
HbA1c, CRP, ALP, AST, and ALT; Study design: rand-
omized clinical trials studies.

Data extraction
The qualifying studies were examined by two authors 
independently. The first author’s name, the study’s 
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location, the year it was published, the sample size (for 
the intervention and control groups), the participant 
characteristics (such as the percentage of men, age, and 
health status), the type of outcomes, duration of the 
intervention, the dosage and type of the intervention, 
and the means and standard deviations (S.D.s) of the 
intended outcomes at baseline, post-intervention, and/or 
changes between baseline and post-intervention, were all 
extracted.

Quality assessment
Using the Cochrane risk-of-bias test for randomized tri-
als (RoB 2), version 2, the quality of the included RCTs 
was methodologically evaluated [28]. Based on the fol-
lowing potential sources of bias: blinding of outcome 
assessment, allocation concealment, participant and 
staff blinding, random sequence generation, incom-
plete outcome data, selective reporting, and other bias, 
two authors independently rated each study as having 
a low, high, or unclear risk of bias. Any discrepancies 
were discussed with a third author in order to come to 
a consensus. The GRADE (Grading of Recommenda-
tions Assessment, Development, and Evaluation) grad-
ing method was also used to evaluate the quality of the 
current analytic research [29]. A reliable 10-point assess-
ment system that assesses elements affecting study 
quality is the GRADE checklist. This scale has seven 
components: (1) risk of bias, (2) precision, (3) heteroge-
neity, (4) directness, (5) publishing bias, (6) funding bias, 
and (7) study design.

Data synthesis and statistical analysis
The data were examined using STATA version 12.0 soft-
ware. Different data types were converted using a prede-
termined procedure to the mean and standard deviations 
(S.D.s) [30, 31]. For instance, in the absence of standard 
deviations, we calculated the change using the method 
below: The definition of standard deviation changes 
is square root [(S.D. baseline 2 + SD final 2)—(2R S.D. 
baseline 2 S.D. final)]. The following formula is used to 
convert the standard error of the mean (SEM) to stand-
ard deviation: S.D. is equal to SEM × √n, where n is the 
total number of participants in each group. The random-
effects model was employed in the meta-analysis of 
research results. R codes used for analysis is described 
in the Supplementary Appendix S2. The weighting of the 
research followed the typical inverse variance technique. 
The data from the longest time point were used for the 
analysis, which allowed for the handling of many assess-
ments within a single study group. Using Q Statistics 
and I-squared (I2), the degree of study heterogeneity was 
evaluated. Insignificant, low, moderate, and high hetero-
geneity were found with I2 values ranging from 0% to 25, 

26% to 50%, 5% to 75%, and 76% to 100%, respectively 
[32]. To identify possible causes of heterogeneity, a pre-
defined subgroup analysis based on the dosage, duration, 
and type of the intervention was conducted. A sensitivity 
analysis was done to determine the contribution of each 
research to the overall mean difference. In order to estab-
lish if there was publication bias, we utilized the official 
Egger’s test [33].

Results
Figure 1 depicts a flowchart of the research selection pro-
cess with exclusion criteria. This value indicates that the 
aforementioned electronic databases generated 2519 arti-
cles. After removing publications with duplicate research, 
there were 1422 total. Following an assessment of the 
research’s titles and abstracts, 1345 papers were dropped 
since they didn’t meet the inclusion requirements. 77 
articles were found utilizing the full-text search during 
the secondary screening. For the reasons listed above, 
32 of the investigations were dropped. Finally, 45 papers 
were included in the quantitative meta-analysis since 
they matched the qualifying requirements.

Study characteristics
The features of the pooled articles are shown in Table 1. 
Our surveys reveal that 19 studies have been carried 
out in USA, 14 articles in the European continent, 11 
studies in the Asia and one article in the Egypt. Also, a 
multicenter study was conducted. All articles were pub-
lished between 1998 and 2022 and follow up intervention 
ranged from 4 to 144 weeks. The mean age and percent-
age of male participants ranged from 26.3 to 71.1 years 
and 0–100%, respectively, at the baseline. Six studies 
were conducted with crossover design and the rest of the 
study was conducted in parallel. The doses prescribed in 
the studies were between 100 and 3000 mg per day, and 
in nine studies the supplement type was in the form of 
NE and the rest were in the form of NA. In addition, the 
population investigated in the studies included people 
with diabetes or glucose tolerance disorder, non-alco-
holic fatty liver disease, metabolic syndrome, obese peo-
ple, polycystic ovary syndrome, people with dyslipidemia 
or cardiovascular problems, as well as healthy people.

The findings of the evaluation of the eligible studies’ 
quality are shown in Table 2. Additionally, a score of 7.6 
(very good quality) was determined after the GRADE 
score system was used to assess the quality of the current 
meta-analysis. The Kappa result for the authors of our 
study for data screening and selection was about 0.92, 
which was interpreted as almost perfect agreement.
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Meta‑analysis results

The effect of NAD + precursor supplementation on glu-
cose metabolism  With the use of random effects 
model, the pooled results indicated that NAD + precur-
sor supplementation had a significant increased on glu-
cose (WMD: 2.17  mg/dL, 95% CI: 0.68, 3.66, P = 0.004) 
and HbA1c (WMD: 0.11, 95% CI: 0.06, 0.16, P < 0.001) 
compared with control. However, compared to the con-
trol group, no significant effect on insulin (WMD: 0.68 
μU/mL, 95% CI: -1.27, 2.64, P = 0.493) and HOMA-IR 
(WMD: 0.15, 95% CI: -0.27, 0.56, P = 0.488) was reported 
after receiving NAD + precursor. A high heterogene-
ity was shown in the trials for glucose (Cochran Q test, 

P < 0.001, I2 = 59.2–70.3%), insulin (Cochran Q test, 
P < 0.001, I2 = 67.1–73.9%) and HOMA-IR (Cochran Q 
test, P < 0.001, I2 = 69.6–77.8%). Although low heteroge-
neity was observed for HbA1c (Cochran Q test, P = 0.265, 
I2 = 11.4–17.1%) (Fig. 2).

Subgroups analysis
The results of the subgroup analysis showed that the 
intake of NAD + precursor during the intervention of 
more than 12  weeks caused a greater increase in the 
glucose level. Furthermore, Nicotinic acid supplemen-
tation (NA) causes a greater increase in glucose and 
HbA1c levels than nicotinamide (NE) supplementation 
(Supplementary Table).

Fig. 1  Flow chart of the study, including identification, screening, eligibility, and the final sample included



Page 5 of 16Sohouli et al. Nutrition & Metabolism           (2024) 21:35 	

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 e

lig
ib

le
 s

tu
di

es

A
ut

ho
r (

ye
ar

)
Co

un
tr

y
Po

pu
la

tio
n

RC
T 

de
si

gn
M

ea
n 

A
ge

 
(y

ea
r)

Se
x 

(M
al

e 
%

)
Sa

m
pl

e 
Si

ze
St

ud
y 

(in
te

rv
en

tio
n/

co
nt

ro
l)

Fo
llo

w
 u

p 
of

 
in

te
rv

en
tio

n 
(W

ee
ks

)

Ty
pe

 o
f 

in
te

rv
en

tio
n

D
os

e 
(m

g/
da

y)
 o

f 
in

te
rv

en
tio

n

Ty
pe

 o
f 

Co
nt

ro
l 

G
ro

up

O
ut

co
m

es

D
ol

le
ru

p 
et

 a
l. 

20
19

 [3
4]

D
en

m
ar

k
M

en
 W

ith
 

O
be

sit
y

Pa
ra

lle
l

59
10

0
20

/2
0

12
N

E
20

00
Pl

ac
eb

o
G

lu
co

se
, I

ns
ul

in
, 

H
O

M
A-

IR

Ca
nn

er
 e

t a
l. 

20
06

 [3
5]

U
SA

M
et

ab
ol

ic
 

Sy
nd

ro
m

e 
an

d 
H

ea
le

d 
M

yo
ca

r-
di

al
 In

fa
rc

tio
n

Pa
ra

lle
l

N
R

N
R

96
4/

24
68

48
N

A
20

00
Pl

ac
eb

o
G

lu
co

se

Li
nk

e 
et

 a
l. 

20
09

 [3
6]

G
er

m
an

y
Pa

tie
nt

s w
ith

 
im

pa
ire

d 
gl

u-
co

se
 to

le
ra

nc
e

Pa
ra

lle
l

45
.5

70
30

/3
0

24
N

A 
( E

xt
en

de
d-

re
le

as
e)

10
00

In
di

vi
du

al
s 

in
 th

e 
co

nt
ro

l 
gr

ou
p 

di
d 

re
ce

iv
e 

an
y 

m
ed

ic
at

io
n 

or
 li

fe
st

yl
e 

in
te

rv
en

tio
n

G
lu

co
se

, H
bA

1c
, 

In
su

lin
, H

O
M

A-
IR

, C
RP

Vi
lli

ne
s e

t a
l. 

20
10

 [3
7]

U
SA

Pa
tie

nt
s w

ith
 

co
ro

na
ry

 h
ea

rt
 

di
se

as
e

Pa
ra

lle
l

65
N

R
15

4/
16

1
56

N
A(

 E
xt

en
de

d-
re

le
as

e)
 +

 Ez
et

im
ib

e 
(1

0 
m

g/
da

y)

20
00

Ez
et

im
ib

e 
(1

0 
m

g/
da

y)
G

lu
co

se
, C

RP

G
uy

to
n 

et
 a

l. 
20

08
 [3

8]
U

SA
Pa

tie
nt

s W
ith

 
Ty

pe
 II

a 
or

 T
yp

e 
IIb

 H
yp

er
lip

i-
de

m
ia

Pa
ra

lle
l

56
.9

41
.9

38
1/

20
7

24
N

A(
 E

xt
en

de
d-

re
le

as
e)

 +
 Ez

et
im

ib
e/

Si
m

va
st

at
in

 (1
0/

20
 

m
g/

da
y)

20
00

Ez
et

im
ib

e/
Si

m
-

va
st

at
in

 (1
0/

20
 

m
g/

da
y)

G
lu

co
se

, C
RP

Ph
ilp

ot
t e

t a
l. 

20
13

 [3
9]

Au
st

ra
lia

Pa
tie

nt
s w

ith
 

es
ta

bl
ish

ed
 

co
ro

na
ry

 a
rt

er
y 

di
se

as
e

Cr
os

s o
ve

r
57

.9
83

66
/6

6
12

N
A(

 E
xt

en
de

d-
re

le
as

e)
15

00
Pl

ac
eb

o
G

lu
co

se
, C

RP

Fa
bb

rin
i e

t a
l. 

20
10

 [4
0]

U
SA

N
AF

LD
Pa

ra
lle

l
43

30
9/

9
16

N
A(

 E
xt

en
de

d-
re

le
as

e)
20

00
Pl

ac
eb

o
G

lu
co

se
, I

ns
ul

in
, 

H
O

M
A-

IR

Ab
di

 e
t a

l. 
20

07
 

[4
1]

Ira
n

D
ys

lip
id

em
ic

 
pa

tie
nt

s
Cr

os
s o

ve
r

56
.4

5
64

.1
50

/5
0

6
N

A
20

0
Pl

ac
eb

o
G

lu
co

se
, A

LP
, 

AS
T,

 A
LT

Ay
e 

et
 a

l. 
20

14
 

[4
2]

U
K

Po
ly

cy
st

ic
 o

va
ry

 
sy

nd
ro

m
e

Pa
ra

lle
l

31
0

13
/1

2
12

N
A

10
00

Pl
ac

eb
o

G
lu

co
se

, H
bA

1c
, 

In
su

lin
, H

O
M

A-
IR

, C
RP

H
ua

ng
 e

t a
l. 

20
22

 [4
3]

In
di

a
H

ea
lth

y 
su

bj
ec

ts
Pa

ra
lle

l
47

.7
6

41
.9

31
/3

1
8

N
E

30
0

Pl
ac

eb
o

G
lu

co
se

, I
ns

ul
in

, 
AS

T,
 H

O
M

A-
IR

, 
AL

P, 
AL

T

Br
eg

ar
 e

t a
l. 

20
14

 [4
4]

Sl
ov

en
ia

Pa
tie

nt
s a

fte
r 

m
yo

ca
rd

ia
l 

in
fa

rc
tio

n

Pa
ra

lle
l

52
.5

10
0

33
/3

0
12

N
A(

 E
xt

en
de

d-
re

le
as

e)
20

00
Pl

ac
eb

o
G

lu
co

se



Page 6 of 16Sohouli et al. Nutrition & Metabolism           (2024) 21:35 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

)
Co

un
tr

y
Po

pu
la

tio
n

RC
T 

de
si

gn
M

ea
n 

A
ge

 
(y

ea
r)

Se
x 

(M
al

e 
%

)
Sa

m
pl

e 
Si

ze
St

ud
y 

(in
te

rv
en

tio
n/

co
nt

ro
l)

Fo
llo

w
 u

p 
of

 
in

te
rv

en
tio

n 
(W

ee
ks

)

Ty
pe

 o
f 

in
te

rv
en

tio
n

D
os

e 
(m

g/
da

y)
 o

f 
in

te
rv

en
tio

n

Ty
pe

 o
f 

Co
nt

ro
l 

G
ro

up

O
ut

co
m

es

H
am

ilt
on

 e
t a

l. 
20

10
 [4

5]
Au

st
ra

lia
T2

D
M

Pa
ra

lle
l

65
N

R
7/

8
12

N
A(

 E
xt

en
de

d-
re

le
as

e)
15

00
In

di
vi

du
al

s 
in

 th
e 

co
nt

ro
l 

gr
ou

p 
di

d 
re

ce
iv

e 
an

y 
m

ed
ic

at
io

n 
or

 li
fe

st
yl

e 
in

te
rv

en
tio

n

G
lu

co
se

, H
bA

1c

D
ol

le
ru

p 
et

 a
l. 

20
18

 [4
6]

D
en

m
ar

k
O

be
se

 m
en

Pa
ra

lle
l

58
10

0
20

/2
0

12
N

E
20

00
Pl

ac
eb

o
G

lu
co

se
, H

bA
1c

, 
AL

T

W
es

tp
ha

l e
t a

l. 
20

07
 [4

7]
G

er
m

an
y

M
et

S
Pa

ra
lle

l
55

10
0

20
/1

0
6

N
A(

 E
xt

en
de

d-
re

le
as

e)
15

00
Pl

ac
eb

o
G

lu
co

se
, H

bA
1c

, 
In

su
lin

, H
O

M
A-

IR
, C

RP

Vi
tt

on
e 

et
 a

l. 
20

07
 [4

8]
U

SA
M

et
S

Pa
ra

lle
l

54
86

.2
80

/8
0

14
4

N
A

20
00

Pl
ac

eb
o

G
lu

co
se

, I
ns

ul
in

Th
oe

ne
s e

t a
l. 

20
07

 [4
9]

U
SA

M
et

S
Pa

ra
lle

l
34

.6
56

30
/1

5
52

N
A(

 E
xt

en
de

d-
re

le
as

e)
10

00
Pl

ac
eb

o
G

lu
co

se
, C

RP

Ta
yl

or
 e

t a
l. 

20
06

 [5
0]

U
SA

Pa
tie

nt
s w

ith
 

co
ro

na
ry

 h
ea

rt
 

di
se

as
e

Cr
os

s o
ve

r
67

92
.3

57
/4

7
96

N
A(

 E
xt

en
de

d-
re

le
as

e)
10

00
Pl

ac
eb

o
G

lu
co

se
, C

RP

So
rr

en
tin

o 
et

 
al

. 2
01

0 
[5

1]
Sw

itz
er

la
nd

T2
D

M
Pa

ra
lle

l
60

84
.8

15
/1

5
12

N
A(

 E
xt

en
de

d-
re

le
as

e)
15

00
Pl

ac
eb

o
G

lu
co

se
, H

bA
1c

Sa
vi

no
va

 e
t a

l. 
20

15
 [5

2]
U

SA
M

et
S

Pa
ra

lle
l

47
57

14
/1

4
16

N
A(

 E
xt

en
de

d-
re

le
as

e)
20

00
Pl

ac
eb

o
G

lu
co

se
, H

bA
1c

Ch
ow

 e
t a

l. 
20

10
 [5

3]
U

SA
H

IV
-in

fe
ct

ed
 

pa
tie

nt
s

Pa
ra

lle
l

50
89

10
/9

12
N

A(
 E

xt
en

de
d-

re
le

as
e)

15
00

In
di

vi
du

al
s 

in
 th

e 
co

nt
ro

l 
gr

ou
p 

di
d 

re
ce

iv
e 

an
y 

m
ed

ic
at

io
n 

or
 li

fe
st

yl
e 

in
te

rv
en

tio
n

G
lu

co
se

, I
ns

ul
in

, 
H

O
M

A-
IR

, C
RP

G
ol

db
er

g 
et

 a
l. 

20
16

 [5
4]

U
SA

N
on

di
ab

et
ic

 
st

at
in

-t
re

at
ed

 
su

bj
ec

ts

Pa
ra

lle
l

62
.9

85
27

4/
26

4
14

4
N

A(
 E

xt
en

de
d-

re
le

as
e)

15
00

Pl
ac

eb
o

G
lu

co
se

, I
ns

ul
in

, 
H

O
M

A-
IR

N
as

h 
et

 a
l. 

20
11

 [5
5]

U
SA

Ch
ro

ni
c 

te
tr

a-
pl

eg
ia

Pa
ra

lle
l

32
.2

N
R

31
/2

3
48

N
A(

 E
xt

en
de

d-
re

le
as

e)
20

00
Pl

ac
eb

o
G

lu
co

se
, H

bA
1c

W
ar

nh
ol

tz
 e

t 
al

. 2
00

9 
[5

6]
G

er
m

an
y

Pa
tie

nt
s w

ith
 

co
ro

na
ry

 h
ea

rt
 

di
se

as
e

Pa
ra

lle
l

65
94

53
/5

3
12

N
A(

 E
xt

en
de

d-
re

le
as

e)
10

00
Pl

ac
eb

o
G

lu
co

se
, I

ns
ul

in



Page 7 of 16Sohouli et al. Nutrition & Metabolism           (2024) 21:35 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

)
Co

un
tr

y
Po

pu
la

tio
n

RC
T 

de
si

gn
M

ea
n 

A
ge

 
(y

ea
r)

Se
x 

(M
al

e 
%

)
Sa

m
pl

e 
Si

ze
St

ud
y 

(in
te

rv
en

tio
n/

co
nt

ro
l)

Fo
llo

w
 u

p 
of

 
in

te
rv

en
tio

n 
(W

ee
ks

)

Ty
pe

 o
f 

in
te

rv
en

tio
n

D
os

e 
(m

g/
da

y)
 o

f 
in

te
rv

en
tio

n

Ty
pe

 o
f 

Co
nt

ro
l 

G
ro

up

O
ut

co
m

es

O
sa

r e
t a

l. 
20

04
 

[5
7]

Tu
rk

ey
Pa

tie
nt

s w
ith

 
Po

or
ly

 C
on

-
tr

ol
le

d 
T2

D
M

Pa
ra

lle
l

58
46

.6
15

/1
5

4
N

E
30

00
Pl

ac
eb

o
G

lu
co

se
, H

bA
1c

, 
CR

P

Ke
i e

t a
l. 

20
13

 
[5

8]
G

re
ec

e
M

ix
ed

 d
ys

lip
i-

da
em

ia
Pa

ra
lle

l
58

53
.8

26
/3

2
12

N
A 

+
 R

os
uv

as
ta

tin
 

(4
0 

m
g)

20
00

Ro
su

va
st

at
in

 
(4

0 
m

g)
G

lu
co

se
, C

RP
, 

AS
T,

 A
LT

El
am

 e
t a

l. 
20

00
 [5

9]
M

ul
ti 

ce
nt

er
D

ia
be

te
s a

nd
 

pe
rip

he
ra

l a
rt

e-
ria

l d
ise

as
es

Pa
ra

lle
l

67
87

.2
61

/5
9;

16
9/

16
1

60
N

A(
 E

xt
en

de
d-

re
le

as
e)

30
00

Pl
ac

eb
o

G
lu

co
se

, H
bA

1c

Ig
ar

as
hi

 e
t a

l. 
20

22
 [6

0]
Ja

pa
n

H
ea

lth
y 

ol
de

r 
m

en
Pa

ra
lle

l
71

.1
10

0
21

/2
1

12
N

E
25

0
Pl

ac
eb

o
G

lu
co

se
, H

bA
1c

, 
H

O
M

A-
IR

O
tt

o 
et

 a
l. 

19
98

 
[6

1]
G

er
m

an
y

M
ix

ed
 d

ys
lip

i-
da

em
ia

Cr
os

s o
ve

r
49

.3
61

.1
18

/1
8

24
N

A
60

0
Pl

ac
eb

o
G

lu
co

se
, A

LP
, 

AS
T,

 A
LT

Ko
 e

t a
l. 

19
98

 
[6

2]
H

on
g 

Ko
ng

D
ia

be
te

s
Cr

os
s o

ve
r

59
.2

36
.3

32
/3

0
12

N
A 

+
 Lo

va
st

at
in

 (4
0 

m
g)

75
0

Lo
va

st
at

in
 (4

0 
m

g)
G

lu
co

se
, H

bA
1c

, 
AL

T

So
ng

 e
t a

l. 
20

19
 [6

3]
Ko

re
a

Pa
tie

nt
s w

ith
 

hi
gh

 le
ve

l o
f 

lip
op

ro
te

in

Pa
ra

lle
l

65
44

13
/1

8
96

N
E

10
00

In
di

vi
du

al
s 

in
 th

e 
co

nt
ro

l 
gr

ou
p 

di
d 

re
ce

iv
e 

an
y 

m
ed

ic
at

io
n 

or
 li

fe
st

yl
e 

in
te

rv
en

tio
n

H
bA

1c

Ka
ng

 e
t a

l. 
20

13
 [6

4]
Ko

re
a

Pa
tie

nt
s w

ith
 

ch
ro

ni
c 

ki
dn

ey
 

di
se

as
e

Pa
ra

lle
l

55
.8

38
.7

31
/3

0
24

N
A 

+
 St

at
in

50
0

St
at

in
H

bA
1c

, C
RP

, A
LP

, 
AS

T,
 A

LT

Le
e 

et
 a

l. 
20

09
 

[6
5]

U
K

Pa
tie

nt
s w

ith
 

co
ro

na
ry

 a
rt

er
y 

di
se

as
e

Pa
ra

lle
l

65
94

22
/2

9
48

N
A(

m
od

ifi
ed

-r
el

ea
se

 
ni

co
tin

ic
 a

ci
d)

20
00

Pl
ac

eb
o

CR
P, 

H
bA

1c

Ba
ys

 e
t a

l. 
20

10
 

[6
6]

U
SA

D
ys

lip
id

em
ic

 
pa

tie
nt

s w
ith

 
M

et
s

Pa
ra

lle
l

57
.7

62
.4

22
1/

11
0

24
N

A(
 E

xt
en

de
d-

re
le

as
e)

20
00

Pl
ac

eb
o

H
bA

1c

O
w

ad
a 

et
 a

l. 
20

03
 [6

7]
Ja

pa
n

Ch
ro

ni
c 

Re
na

l 
D

ise
as

e
Pa

ra
lle

l
57

50
16

/1
7

60
N

A
15

00
In

di
vi

du
al

s 
in

 th
e 

co
nt

ro
l 

gr
ou

p 
di

d 
re

ce
iv

e 
an

y 
m

ed
ic

at
io

n 
or

 li
fe

st
yl

e 
in

te
rv

en
tio

n

H
bA

1c

O
ka

be
 e

t a
l. 

20
22

 [6
8]

Ja
pa

n
H

ea
lth

y 
Su

b-
je

ct
s

Pa
ra

lle
l

42
.9

26
.6

15
/1

5
16

N
E

25
0

Pl
ac

eb
o

AL
P, 

AS
T,

 A
LT



Page 8 of 16Sohouli et al. Nutrition & Metabolism           (2024) 21:35 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r (

ye
ar

)
Co

un
tr

y
Po

pu
la

tio
n

RC
T 

de
si

gn
M

ea
n 

A
ge

 
(y

ea
r)

Se
x 

(M
al

e 
%

)
Sa

m
pl

e 
Si

ze
St

ud
y 

(in
te

rv
en

tio
n/

co
nt

ro
l)

Fo
llo

w
 u

p 
of

 
in

te
rv

en
tio

n 
(W

ee
ks

)

Ty
pe

 o
f 

in
te

rv
en

tio
n

D
os

e 
(m

g/
da

y)
 o

f 
in

te
rv

en
tio

n

Ty
pe

 o
f 

Co
nt

ro
l 

G
ro

up

O
ut

co
m

es

El
-K

ad
y 

et
 a

l. 
20

22
 [6

9]
Eg

yp
t

N
AF

LD
Pa

ra
lle

l
45

.6
41

.9
31

/3
0

12
N

A 
+

 A
nt

id
ia

be
tic

 
th

er
ap

y
10

00
An

tid
ia

be
tic

 
th

er
ap

y
H

O
M

A-
IR

, A
ST

, 
AL

T

G
ol

db
er

g 
et

 a
l. 

20
00

 [7
0]

U
SA

Pa
tie

nt
s w

ith
 

pr
im

ar
y 

hy
pe

r-
lip

id
em

ia

Cr
os

s o
ve

r
54

57
87

/4
4

24
N

A
30

00
Pl

ac
eb

o
AS

T,
 A

LT

M
oo

re
 e

t a
l. 

20
07

 [7
1]

U
SA

At
he

ro
sc

le
ro

tic
 

di
se

as
e

Pa
ra

lle
l

54
.7

71
42

/4
1

60
N

A(
 E

xt
en

de
d-

re
le

as
e)

 +
 A

to
rv

as
-

ta
tin

10
0

At
or

va
st

at
in

AS
T,

 A
LT

Co
nz

e 
et

 a
l. 

20
19

 [7
2]

U
SA

H
ea

lth
y 

ov
er

-
w

ei
gh

t A
du

lts
Pa

ra
lle

l
52

.3
34

33
/3

4
8

N
E

20
00

Pl
ac

eb
o

AS
T,

 A
LT

Vi
da

l e
t a

l. 
20

00
 [7

3]
Sp

ai
n

Ty
pe

 1
 D

ia
be

te
s

Pa
ra

lle
l

26
.3

54
.5

11
/1

2
60

N
E +

 A
to

rv
as

ta
tin

21
00

At
or

va
st

at
in

H
bA

1c

Ai
ra

n-
Ja

vi
a 

et
 

al
. 2

00
9 

[7
4]

U
SA

Pa
tie

nt
s w

ith
 

ca
ro

tid
 a

th
er

o-
sc

le
ro

sis

Pa
ra

lle
l

71
72

26
/2

5
48

N
A(

 E
xt

en
de

d-
re

le
as

e)
 +

 Si
m

va
st

a-
tin

 (2
0 

m
g)

20
00

Si
m

va
st

at
in

 
(2

0 
m

g)
CR

P

Sh
ah

 e
t a

l. 
20

10
 [7

5]
U

SA
Pa

tie
nt

s 
w

ith
 p

rim
ar

y 
hy

pe
rc

ho
le

st
er

-
ol

ae
m

ia

Pa
ra

lle
l

60
.4

50
.2

57
2/

59
5

12
N

A(
 E

xt
en

de
d-

re
le

as
e)

 +
 St

at
in

 
(s

im
va

st
at

in
 1

0 
or

 2
0 

m
g 

or
 a

to
rv

as
ta

tin
 

10
 m

g)

10
00

St
at

in
 (s

im
-

va
st

at
in

 1
0 

or
 2

0 
m

g 
or

 
at

or
va

st
at

in
 1

0 
m

g)

CR
P

Ka
ra

ca
gl

ar
 e

t 
al

. 2
01

5 
[7

6]
Tu

rk
ey

Ac
ut

e 
co

ro
na

ry
 

sy
nd

ro
m

e
Pa

ra
lle

l
63

64
25

/2
3

4
N

A(
 E

xt
en

de
d-

re
le

as
e)

 +
 St

at
in

50
0

St
at

in
CR

P

Fa
zi

o 
et

 a
l. 

20
10

 [7
7]

U
SA

H
yp

er
lip

id
ae

-
m

ic
 p

at
ie

nt
s

Pa
ra

lle
l

57
.4

59
.2

39
1/

21
2

64
N

A(
 E

xt
en

de
d-

re
le

as
e)

 +
 Ez

et
im

ib
e/

Si
m

va
st

at
in

 (1
0/

20
 

m
g/

da
y)

20
00

Ez
et

im
ib

e/
Si

m
-

va
st

at
in

 (1
0/

20
 

m
g/

da
y)

CR
P

Le
e 

et
 a

l. 
20

11
 

[7
8]

Ko
re

a
Pa

tie
nt

s W
ith

 
M

ild
 to

 M
od

er
-

at
e 

Co
ro

na
ry

 
Ar

te
ry

 S
te

no
sis

Pa
ra

lle
l

58
.1

50
14

/1
4

36
N

A 
+

 Sm
va

st
at

in
 

40
 m

g
10

00
Si

m
va

st
at

in
 

40
 m

g
CR

P



Page 9 of 16Sohouli et al. Nutrition & Metabolism           (2024) 21:35 	

Table 2  Risk of bias assessment according to the Cochrane collaboration’s risk of bias assessment tool

Study, Year 
(reference)

Random 
sequence 
generation

Allocation 
concealment

Blinding of 
participants and 
personnel

Blinding of 
outcome 
assessment

Incomplete 
outcome 
data

Selective 
reporting

Overall 
assessment of 
risk of bias

Dollerup et al. 2019 
[34]

Low Low Low Low Unclear Low Low

Canner et al. 2006 
[35]

Low Unclear Low Low Unclear Low Unclear

Linke et al. 2009 
[36]

Low Low Low High Unclear Low Unclear

Villines et al. 2010 
[37]

Low Low Low Low Unclear Low Low

Guyton et al. 2008 
[38]

Low Unclear Low Low Unclear Low Unclear

Philpott et al. 2013 
[39]

Low Low Low Low Unclear Low Low

Fabbrini et al. 2010 
[40]

Low High Low Low Unclear Low Low

Abdi et al. 2007 [41] Low Low High Low Unclear Low Unclear

Aye et al. 2014 [42] Low Low Unclear Low Unclear Low Low

Huang et al. 2022 
[43]

Low Unclear Low Low Unclear Low Unclear

Bregar et al. 2014 
[44]

Low Low Low Low Unclear Low Low

Hamilton et al. 
2010 [45]

Low Unclear Unclear Low Unclear Low Low

Dollerup et al. 2018 
[46]

Low High High Low High Low High

Westphal et al. 
2007 [47]

Low Low High Unclear Unclear Low Unclear

Vittone et al. 2007 
[48]

Low Low Unclear Unclear Unclear Low Unclear

Thoenes et al. 2007 
[49]

Low Low High Low Unclear Low Unclear

Taylor et al. 2006 
[50]

Low Low Unclear Low Unclear Low Low

Sorrentino et al. 
2010 [51]

Low Low Low Low Unclear Low Low

Savinova et al. 2015 
[52]

Low High Low Low Unclear Low Low

Chow et al. 2010 
[53]

Low Unclear Low High Unclear Unclear Unclear

Goldberg et al. 
2016 [54]

Low Low Low Low Unclear Low Low

Nash et al. 2011 
[55]

Low Low Unclear Low Unclear Low Low

Warnholtz et al. 
2009 [56]

Low Unclear Low Low Unclear Low Unclear

Osar et al. 2004 [57] Low Low Low Low Unclear Low Low

Kei et al. 2013 [58] Low Unclear Unclear Low Unclear Low Low

Elam et al. 2000 
[59]

Low Low Low High Unclear Low Unclear

Igarashi et al. 2022 
[60]

Low Low Low Low Unclear Low Low

Otto et al. 1998 [61]

Ko et al. 1998 [62] Low Unclear Low Low Unclear Low Unclear

Song et al. 2019 
[63]

Low Low Low Low Unclear Low Low
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The effect of NAD + precursor supplementation on liver 
enzymes and CRP  Pooled findings from the random-
effects model indicated that ALT (WMD: -1.22 U/L, 
95% CI: -2.67 to 0.22, P = 0.098), AST (WMD: -0.75 
U/L, 95% CI: -3.66 to 0.16, P = 0.614), and ALP (WMD: 
-0.27 U/L, 95% CI: -3.05 to 2.50, P = 0.846) were not sig-
nificantly changed after NAD + precursor supplementa-
tion compared to control group. Howeve, NAD + pre-
cursor supplementation significantly reduced CRP 
(WMD: -0.93 mg/l, 95% CI -1.47 to -0.40, P < 0.001) lev-
els compared to the control group. Furthermore, a sig-
nificant heterogeneity was found among the studies for 
CRP (Cochran Q test, P = 0.002, I2 = 96.5–99.2%), ALT 
(Cochran Q test, P = 0.025, I2 = 44.2–49.9%) and AST 
(Cochran Q test, P < 0.001, I2 = 92.6%), but a low hetero-
geneity was reported for ALP (Cochran Q test, P = 0.873, 
I2 = 0.5–0.9%; Fig. 3).

Subgroups analysis
The findings of the subgroup also show the greater effect 
of NAD + precursor supplementation on ALT increase 
in a duration of intervention ≤ 12  weeks. In addition, 
subgroup analysis showed that the increase in ALT was 

greater when receiving supplementation NE than NA 
supplementation (Supplementary Table). The reducing 
effect on CRP concentration was also greater in the dose 
of ≥ 2 g, the duration of the intervention was ≤ 12 weeks, 
and with the supplement of NA (Supplementary Table).

Meta‑regression
Meta-regression between NAD + precursor and abso-
lute mean differences in CRP, ALT, AST, glucose, insulin, 
HOMA-IR, and HbA1c based on dosage and duration 
of intervention was performed. Only, there was a sig-
nificant relationship between duration of intervention 
with changes in ALT (coefficient (Coef ) = 0.1589788, 
P = 0.004). However, meta-regression analysis not 
showed a significant linear relationship between dose and 
duration of intervention with changes in other variables 
(Supplementary Figs. 1–7).

Sensitivity analysis
We gradually removed each trial from the analysis in 
order to determine the impact of each article on the 
aggregated effect size for the levels of glucose, insu-
lin, HOMA-IR, HbA1c, CRP, AST, ALT, and ALP. The 

Table 2  (continued)

Study, Year 
(reference)

Random 
sequence 
generation

Allocation 
concealment

Blinding of 
participants and 
personnel

Blinding of 
outcome 
assessment

Incomplete 
outcome 
data

Selective 
reporting

Overall 
assessment of 
risk of bias

Kang et al. 2013 
[64]

Low High Low Low Unclear Low Low

Lee et al. 2009 [65] Low Unclear Low Low Unclear Low Unclear

Bays et al. 2010 [66] Low Unclear Low Low Unclear Low Unclear

Owada et al. 2003 
[67]

Low Low Low High Unclear Low Unclear

Okabe et al. 2022 
[68]

Low Unclear Low Low Unclear Low Unclear

El-Kady et al. 2022 
[69]

Low High Low Low Unclear Low Low

Goldberg et al. 
2000 [70]

Low Low Low Low Unclear Low Low

Moore et al. 2007 
[71]

Low Unclear Low Low Unclear Low Unclear

Conze et al. 2019 
[72]

Low Low Low Low Unclear Low Low

Vidal et al. 2000 [73] Low Low Low Low Unclear Low Low

Airan-Javia et al. 
2009 [74]

Low Unclear Low Low Unclear Low Unclear

Shah et al. 2010 
[75]

Low Low Low Low Unclear Low Low

Karacaglar et al. 
2015 [76]

Low Unclear Unclear Low Unclear Low Low

Fazio et al. 2010 
[77]

Low Low Low High Unclear Low Unclear

Lee et al. 2011 [78] Low Low Low High Unclear Low Unclear
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robustness of the findings was demonstrated by the leave-
one-out sensitivity analysis (Supplementary Figs. 8–9).

Publication bias
Based on the Egger’s tests, no indication of publica-
tion bias was found for the following variables: glucose 
(P = 0.762), insulin (P = 0.788), HOMA-IR (P = 531), 
HbA1c (P = 436), CRP (P = 0.970), AST (P = 0.131), 
ALT (P = 0.622), and ALP (P = 0.327) (Supplementary 
Figs. 10–11).

Discussion
Our comprehensive review and meta-analysis revealed 
that supplementing with NAD + precursors increased 
blood glucose and HbA1c in humans much more than 
placebo or no therapy, but that it had no statistically 
significant effect on insulin or HOMA-IR. To the best 
of our knowledge, no meta-analysis has been done on 

the impact of NAD + precursors on healthy and other 
papulation people’ glucose metabolism. The effects of 
nicotinamide adenine dinucleotide (NAD +) precur-
sor supplementation on glucose and lipid metabolism 
in humans were examined in the meta-analysis carried 
out by Zhong et  al. Only studies that allowed diabetes 
and works of English literature, however, were included 
[21]. Earlier meta-analysis investigated and described 
the effect of NAD + precursor supplementation on 
improving TG, TC, LDL, and HDL levels in humans, but 
resulted in hyperglycemia, compared with placebo or no 
treatment [21, 79]. Animal studies evaluating obese mice 
have shown an association between NAD + supplementa-
tion and improved indices of obesity as well as molecular 
regulation of adipocytes [80, 81].

To evaluate these results, it is worth noting that 
NAD + is an important molecule in energy and sig-
nal transduction, in addition to acting as a substrate for 

Fig. 2  Forest plot of randomized controlled trials investigating the effects of NAD + precursor supplementation on (a) Glucose, (b) Insulin, (c) 
HOMA-IR, (d) HbA1c
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enzymes such as sirtuins, poly-ADP ribose polymerases 
(PARPs) and cyclic ADP ribose synthetases that regulate 
cellular processes key to energy metabolism, DNA dam-
age repair, and calcium signaling [82]. And the relation-
ship between NAD + precursor supplementation and 
increased blood glucose can be explained by the function 
of NAD + in pancreatic beta cells, responsible for insu-
lin production [83]. Insulin is a hormone that regulates 
blood glucose levels, allowing cells to absorb glucose 
from the blood and use it as energy, a function that is 
increased by the use of intracellular NAD supplementa-
tion, as mentioned by Reimers et  al. [84]. According to 
Yoshino et  al. [85] NAD + supplementation can lead to 
increased insulin production by pancreatic beta cells 
resulting in increased glucose absorption by body cells.

Still, other important functions that could explain 
the significant increase in glucose and HbA1c in 
humans compared to placebo or no treatment, is that 

nicotinamide has the ability to scavenge free radicals, 
as well as provide protection against toxic stimuli and 
against depletion of intracellular NAD. However, when 
their levels are still high, as in the case of supplementa-
tion or even by endogenous pathways, they are able to 
inhibit NAD-dependent functions, causing an increase in 
glucose metabolism and preventing the process of aero-
bic glycolysis, consequently generating an increase in glu-
cose [86, 87].

Thus, it can be evaluated that the insulin response and 
HOMA-IR tend not to present significant results, as 
occurred in this study, since this information regarding 
supplementation can generate conflicts, depending on 
the amount in the body of each individual, being a limit-
ing factor of the response to supplementation.

NAD + supplementation may also affect glucose pro-
duction in the liver. NAD + is required for the proper 
function of several hepatic enzymes involved in glucose 

Fig. 3  Forest plot of randomized controlled trials investigating the effects of NAD + precursor supplementation on (a) AST, (b) ALT, (c) ALP, (d)CRP 
(mg/l)
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metabolism, including gluconeogenesis, the process by 
which the liver produces glucose from non-glidic pre-
cursors. NAD + supplementation may increase the activ-
ity of these hepatic enzymes, resulting in an increase in 
glucose production by the liver [25]. However, we found 
no systemic changes in ALT, AST, or ALP levels after 
NAD + precursor supplementation when compared to 
the control group.

The biochemical regulation of nicotinamide in the 
blood takes place through hepatic regulation, involv-
ing its conversion to stored NAD through hydrolysis 
or the reverse cycle. This reaction helps maintain NAD 
levels within normal limits [88]. Therefore, in order to 
observe changes in liver enzymes, very high doses must 
be administered and controlled to avoid generating hepa-
totoxicity. However, the results of NAD + supplementa-
tion on liver enzymes did not change due to such factors. 
Additionally, the study duration was not sufficient to pro-
duce evident effects.

In this meta-analysis, we look at the relation between 
supplementation and HbA1c, or glycosylated hemo-
globin, which is a test used to measure the average blood 
sugar level over the past 2–3  months [89]. It is formed 
when hemoglobin, a protein in red blood cells, binds to 
glucose in the bloodstream. The amount of HbA1c in 
the blood can be used as an indicator of how well a per-
son’s blood sugar has been controlled over time, which is 
important for managing diabetes. HbA1c and NAD + can 
be important for maintaining overall health and well-
ness. Proper blood sugar control is crucial for managing 
diabetes and reducing the risk of complications, while 
NAD + plays a vital role in cellular energy production and 
DNA repair. Given the evidence of supplementation and 
increased glucose and HbA1c, it is important to empha-
size that NAD + supplementation should not be seen car-
ried out in pathological settings because an increase in 
blood glucose is undesirable in some conditions, such as 
diabetes, and, as a result, NAD + supplementation should 
be carried out under appropriate supervision [90].

With respect to the significant reduction in CRP con-
centration in treated individuals, our findings showed a 
potential anti-inflammatory effect with NAD + precur-
sors supplementation. Although the exact mechanism to 
explain this relationship has not yet been established, it 
is suggested that the reduction in CRP concentration in 
individuals supplemented with NAD + precursors, such 
as NA, may also be related to its effects as lipid lowering 
agents [91].

Our results showed that the magnitude of the reduc-
tion in CRP concentration was also greater with a dosage 
equal to or greater than 2 g of NAD + precursors. How-
ever, contrary to what was observed for BP, the effect was 
more expressive with a treatment time equal to or less 

than three months. Such findings suggest that for acute 
biochemical parameters of cardiovascular importance, 
such as CRP, a treatment with high doses but with a 
shorter duration is more effective.

Our study had some limitations that jeopardized the 
extraction of robust conclusions. Clinically and statisti-
cally significant heterogeneities was found for adiponec-
tin. These may be explained by the differences in the 
intervention-specific factors (e.g., type, dose, administra-
tion route, and duration of drugs) and blood pressure/
inflammation-specific factors (e.g., age, sex, physiology, 
genetics, familial history, race/ethnicity, physical activ-
ity, socioeconomic status, dietary intakes, and drug, 
tobacco, or alcohol consumption) [92]. Nonetheless, we 
attempted to identify some possible sources of hetero-
geneity in data by performing a subgroup analysis. As a 
limitation of this systematic review we only include stud-
ies with an intervention duration of more than 4 weeks. 
We have included this limitation to ensure the validity of 
the results as well as the quality design of the studies in 
this meta-analysis study. In addition, lack of registration 
of the current study in PROSPERO due to time limit was 
another limitation of this study. Despite its limitations, 
the current study has several positive features: a rigorous 
methodology was used based on the PRISMA guidelines 
[93]; A thorough literature search using multiple inde-
pendent databases; two researchers independently and in 
duplicate searched, selected, and extracted data from the 
selected studies; To resolve disputes, a third party was 
consulted [94, 95]. Furthermore, the present study likely 
included the largest effect size for each outcome assessed 
at glucose metabolism and liver enzymes.

Overall, these findings suggest that NAD + precursor 
supplementation might have a significant effect on glu-
cose metabolism and CRP but does not appear to have a 
significant effect on liver enzymes. The results highlight 
the importance of considering the duration and the type 
of NAD + precursor supplementation when evaluating 
its effects on glucose metabolism. Further interventional 
studies with a major period (> 4  weeks) are needed to 
clarify the mechanisms of action and potential long-term 
effects of NAD + precursor supplementation on glucose 
metabolism and liver enzymes.
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