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ABSTRACT
Background: Emerging evidence supports the health benefits of
ginger for a range of conditions and symptoms; however, there is a
lack of synthesis of literature to determine which health indications
are supported by quality evidence.
Objectives: In this umbrella review of systematic reviews we aimed
to determine the therapeutic effects and safety of any type of ginger
from the Zingiber family administered in oral form compared with
any comparator or baseline measures on any health and well-being
outcome in humans.
Methods: Five databases were searched from inception to April
2021. Review selection and quality were assessed in duplicate using
the Assessment of Multiple Systematic Reviews–2 (AMSTAR-2)
checklist and the Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) method, with results presented in
narrative form.
Results: Twenty-four systematic reviews were included with 3%
overlap of primary studies. The strongest evidence was found for
the antiemetic effects of ginger in pregnant women (effect size:
large; GRADE: high), analgesic effects for osteoarthritis (effect size:
small; GRADE: high), and glycemic control (effect size: none to very
large; GRADE: very low to moderate). Ginger also had a statistically
significant positive effect on blood pressure, weight management,
dysmenorrhea, postoperative nausea, and chemotherapy-induced
vomiting (effect size: moderate to large; GRADE: low to moderate)
as well as blood lipid profile (effect size: small; GRADE: very
low) and anti-inflammatory and antioxidant biomarkers (effect size:
unclear; GRADE: very low to moderate). There was substantial
heterogeneity and poor reporting of interventions; however, dosage
of 0.5–3 g/d in capsule form administered for up to 3 mo was
consistently reported as effective.
Conclusions: Dietary consumption of ginger appears safe and may
exert beneficial effects on human health and well-being, with greatest
confidence in antiemetic effects in pregnant women, analgesic
effects in osteoarthritis, and glycemic control. Future randomized
controlled and dose-dependent trials with adequate sample sizes
and standardized ginger products are warranted to better inform
and standardize routine clinical prescription. Am J Clin Nutr
2022;115:1511–1527.

Keywords: ginger, Zingiber officinale, chronic disease, pain,
gastrointestinal conditions, umbrella review

Introduction
Zingiber officinale Roscoe, the most common ginger

species, contains 80–90 nonvolatile compounds that have
anti-inflammatory, antioxidant, and antiemetic effects, as well as
lowering blood pressure, blood lipid, and blood glucose (1–3).
The myriad of mechanisms of action have been extensively
examined in animal and cell models, mostly involving gingerol,
shogaol, zingerone, gingerdiol, and paradol compounds (3,
4). Briefly, the anti-inflammatory effects of ginger have been
linked to reducing pain and the vasodilatory effects to lowering
blood pressure (3, 4). Ginger has been found to inhibit the
production of cholesterol as well as adipocytes, thus benefiting
the blood lipid profile and weight management, respectively (3,
4). Ginger compounds have also been shown to act similarly
to hypoglycemic agents in assisting with transportation of
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glucose into cells (3), as well as antiemetic medications to block
the activation of receptors that initiate nausea and vomiting
pathways (3, 5). Furthermore, ginger consumption has been
endorsed by numerous clinical practice guidelines (6–8) and was
reported to be among the most common supplement used by
pregnant women (9–12) and people with type 2 diabetes mellitus
(T2DM) (13–15), hypertension (14), and those with cancer as a
complementary rather than alternative medicine (16, 17).

Despite common clinical use and mechanistic studies support-
ing possible pathways of action to promote the use of ginger to
support human health and well-being, there is a lack of quality
synthesis of research to determine what health effects have the
strongest evidentiary support in humans. Anh and colleagues (2)
conducted a systematic review of 109 primary studies published
up until 2019 that explored the human health benefits of ginger,
finding beneficial effects for inflammation, metabolic syndromes,
and gastrointestinal function. However, these authors did not
conduct a meta-analysis, thus warranting exploration of other
systematic reviews that have used meta-analysis to pool effects as
well as consideration of the methodological quality of systematic
reviews that have been used to guide clinical practice (2). Li
and colleagues (18) conducted an umbrella review of systematic
reviews examining the efficacy of ginger for any health condition
and therefore did not consider the effects on healthy adults.
In this article the authors discussed methodological quality of
reviews and highlighted the plethora of systematic reviews on
the topic with inconsistent evidence and the growing interest
in this research area, but included only reviews published up
until 2018. Furthermore, Li and colleagues (18) combined all
modes of delivery (oral, aromatherapy, topical, and moxibustion)
which have different mechanisms of action. Comprehensive
synthesis of up-to-date highest-level systematic review evidence
using rigorous study design and consideration of methodological
quality for the effects of dietary ginger on human health would
be useful to guide the integration of adjuvant use into clinical
practice to address both general health and well-being as well as
therapeutic uses for disease management.

Therefore, this umbrella review of systematic reviews of clini-
cal trials aimed to determine the therapeutic effects and safety of
any type of ginger from the Zingiber family administered in oral
form and compared with any comparator or baseline measures on
any health and well-being outcome in humans.

Methods
This umbrella methodology of this review was guided by

the Cochrane Handbook for Systematic Reviews (19) and the
Joanna Briggs Institute Manual for Evidence Synthesis on
Umbrella Reviews (20) and was prospectively registered with
the International Prospective Register of Systematic Reviews
(PROSPERO ID: CRD42020197925). The study was reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (21).

Search strategy

Electronic databases [PubMed, Embase, Cumulative Index
to Nursing and Allied Health Literature (CINAHL), Web of
Science, Cochrane Database of Systematic Reviews, Google

Scholar] and the PROSPERO register were searched from
database inception until 4 April 2021. Per the Practical Tool
for Searching Grey Literature (Canadian Agency for Drugs
and Technologies in Health) the first 120 records were taken
from Google Scholar (22). The search strategy was based
on the following structure: [(ginger∗ OR zingiber officinale∗)
AND (systematic review OR meta-analysis∗)] and was designed
in PubMed using a combination of keywords and controlled
vocabulary then translated to other databases with Polyglot
(23) (Supplemental Table 1). Google Scholar, Pubmed search
updates, and reference lists of included reviews and relevant
literature were assessed to identify additional systematic reviews
not located in the search strategy up until April 2021.

Eligibility and record screening

Screening of titles and abstracts, then full text, was completed
by 2 investigators independently (MC and ARD) in Endnote
X9 (24). Disagreements were managed via consensus between
reviewers or were resolved by discussion with a third researcher
(SM).

Published peer-reviewed systematic reviews that met the
following criteria were included: 1) systematic reviews, being
regarded as the highest level of evidence, were defined as follows
with guidance from the PRISMA Protocols Statement (21): i) had
an explicit set of aims, ii) employed a reproducible methodology,
including a systematic search strategy and selection of studies,
and iii) had a systematic presentation and synthesis of the
characteristics and findings of included studies (conducted meta-
analysis and/or narrative synthesis as part of their analysis);
2) for the most comprehensive synthesis of available evidence,
eligible clinical trials reviewed by the systematic reviews
were randomized controlled trials (RCTs), nonrandomized or
noncontrolled intervention trials, and observational studies; 3)
examined the effects of any type of ginger from the Zingiber
family administered in oral form and not in conjunction with
any other therapeutic product; 4) compared ginger with placebo,
other medicinal product, usual care, or no comparator; 5) (for sys-
tematic reviews that included noneligible intervention arms, e.g.,
turmeric, nonhuman sample) included only if the ginger group
and human population were reported separately; and 6) reported
on any health-related or physiological outcome in humans.

Systematic reviews were excluded if they comprised only
1 primary study that reported on the effects of ginger or if they
could not be translated into English. Studies that examined the
effects of ginger administered via nonoral routes (e.g., topical,
aromatherapy, moxibustion) were excluded due to these formula-
tions containing different compositions and having mechanisms
of action drastically different from those of orally consumed
ginger. If multiple systematic reviews existed on the same topic
and included the same primary studies and outcomes, only the
most recent review and/or the review for which which meta-
analyses were conducted was used (Supplemental Table 2).

Data extraction and quality appraisal

Primary outcomes of interest were any health and well-
being outcome relating to oral dietary or supplementary ginger
consumption. Secondary outcomes were study and participant
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characteristics and adverse events. All data were extracted
independently by a single first investigator (MC, ARD, or CI) in
tabular format (Supplemental Table 3) and checked for accuracy
by a second investigator (MC, ARD, or CI), with disagreements
managed by consensus or involvement of a third investigator
(SM). Where outcome data were missing, inadequately reported,
or reported differently across systematic reviews, data were
extracted directly from the primary studies if possible. Where
only a proportion of included primary studies of systematic
reviews met the eligibility criteria for ginger intervention or
human population, outcome data from only relevant primary
studies were reported.

Individual study quality assessment using the Assessment of
Multiple Systematic Reviews 2 (AMSTAR-2) Checklist (25) was
carried out independently on all studies by 2 investigators [MC
and (ARD or CI)], with disagreements managed by consensus
or resolved by discussion with a third investigator (SM). The
AMSTAR-2 is a 16-question tool that judges each item as “yes”
or “no” and yields a final overall rating for the confidence in the
results of the systematic review as “high,” “moderate,” “low,” or
“critically low” (25).

If the certainty in the estimated effect of each meta-analysis
was not determined using the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) method
(26) by systematic review authors; it was calculated by the
current umbrella review authors using GRADEpro Guideline
Development Tool software [McMaster University, 2015 (de-
veloped by Evidence Prime, Inc)]. Certainty in the evidence
can be downgraded for risk of bias, imprecision, inconsistency,
indirectness, and publication bias and upgraded for a large effect
size, dose–response gradient, or effect of residual confounding.
The GRADE approach provides 4 levels of certainty for the
estimated effect: “very low” (very little confidence), “low”
(limited confidence), “moderate” (moderately confident), and
“high” (very confident) (26). Where GRADE level of evidence
was determined by the current review authors, it was conducted
by MC and revised and confirmed by SM.

Data synthesis

Data were reported via narrative synthesis, per that of
the included systematic reviews, and no data reanalysis (i.e.
meta-analysis) was conducted, per the Joanna Briggs Institute
recommendations for umbrella reviews (20). Primary studies of
included systematic reviews that were included in ≥2 systematic
reviews were presented in tabular format (Supplemental Figure
1). The extent to which primary studies overlap in the included
systematic reviews was calculated and reported as the percentage
of primary study overlap: % overlap = N−r

rc−r × 100 whereby N
represents the total number of primary studies including double
counting of overlapping studies, r is the number of primary
studies not including double counting of overlapping studies, and
c is the total number of systematic reviews (27).

The most recent and/or comprehensive meta-analyses for
each outcome were summarized in tabular format. Whereby
systematic reviews did not conduct meta-analysis to guide overall
conclusions regarding statistical significance of outcomes, a
modified consistency rating (28) was used: (number of primary
studies that reported a statistically significant positive result/total
number of studies reporting that outcome) × 100. A modified

consistency rating of ≥66% was required to report an overall
positive effect (28). The quality of systematic reviews assessed
using AMSTAR-2 and GRADE were presented in tabular format
(Supplemental Tables 4 and 5).

Results

Systematic review characteristics

Twenty-four systematic reviews were included, which had 2–
109 primary studies in each, representing 180 primary studies
in total (Figure 1). Although 87 of the primary studies were
included in ≥2 systematic reviews, a 3% overlap of primary
studies in the included systematic reviews was calculated
(Supplemental Figure 1). The main reason for exclusion at full-
text review was due to all primary studies and outcomes of
screened systematic reviews being included in newer and/or more
comprehensive reviews (n = 40 reviews; Supplemental Table 2).
Of these excluded records, 15 addressed nausea and vomiting
of pregnancy, 5 addressed pain, and 5 addressed chemotherapy-
induced nausea and vomiting.

The majority (79%) of systematic reviews exclusively included
RCTs (2, 29–46), and 21% included a combination of the eligible
study designs (Table 1; Supplemental Table 3). Seven (29%)
systematic reviews only included placebo-controlled trials (30,
34, 38, 42–45) and the remaining systematic reviews mainly
examined a combination of placebo, usual care, or a medicine
as the comparator with ginger. Zingiber officinale was examined
in the primary studies of 11 (46%) systematic reviews (30, 32,
34, 37–39, 41, 44, 45, 47, 48) and the remaining 13 (54%)
reviews did not specify the species of ginger administered.
Most systematic reviews explored multiple forms of ginger
consumption, but ginger capsules were the most commonly
administered [n = 14 (58%) systematic reviews] (2, 29, 32, 33,
36, 39–42, 45, 46, 48–50) followed by ginger powder [n = 6
(25%) of systematic reviews; Table 2] (30, 31, 34, 35, 37, 38).
Dosage of ginger varied greatly between primary studies, with
0.5–2 g/d being most commonly administered (2, 29–35, 37–
42, 44–47, 49, 50). Only 2 systematic reviews (2, 48) reported
the active constituents of ginger formulations used (n = 19
primary studies in total); which was most commonly gingerols
or a combination of gingerols and shogaols. Of the 16 (67%)
systematic reviews (2, 29, 30, 32, 33, 36–38, 40–43, 45, 48–
50) that reported frequency of ginger administration, dosing
frequency varied between once, twice, three, or four times daily.
Interventions of ≤10 d duration were most commonly used in
primary studies of the 6 systematic reviews that examined the
analgesic effects of ginger for dysmenorrhea or headache (2, 29,
36, 41, 42, 45). Primary studies of the 8 systematic reviews that
examined the metabolic effects of ginger commonly administered
ginger for longer durations of 6 wk to 3 mo (2, 30–32, 34, 35, 47,
48). Duration of intervention ranged from 1 d to 3 mo for all other
outcomes and population groups.

Systematic review study quality

Of the 24 included systematic reviews, 17% were rated as
having critically low quality (38, 45, 47, 50), 46% as low quality
(2, 30–34, 36, 40, 43, 44, 46, 51), 33% as moderate quality (29,
35, 37, 39, 41, 42, 48), and 4% as high quality (49) (Table 3;
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FIGURE 1 PRISMA Flow chart for search strategy exploring the effects of ginger on human health outcomes.

Supplemental Table 4). Only a single systematic review (49)
reported sources of funding of primary studies (item 10) and
only 2 reviews (37, 41) provided a list of excluded studies with
explanations for exclusion (item 7). Most (88%) of the reviews
did not provide an explanation for primary study design inclusion
(item 3), 67% did not specify whether review methods were
established prior to conducting the review (item 2), and 46%
did not justify publication restrictions (item 4). Of the 15 reviews
that conducted meta-analysis, 40% did not explore the potential
impact of risk of bias in primary studies on the results of the meta-
analysis (item 12). Nineteen (79%) systematic reviews reported

overall conclusions regarding primary study quality and despite
different assessment tools used, the majority of reviews (95%)
included primary studies that were mostly high quality or had
low risk of bias (29–32, 34–36, 40–46, 48–51).

The GRADE certainty in the evidence for most (59%) of the
44 outcomes that were meta-analyzed in included systematic
reviews was found to be very low to low, meaning there is
very little to little confidence that the estimated effect represents
the true value of effect (Table 3; Supplemental Table 5). There
was moderate to high confidence in the effect of the remaining
41% of outcomes. GRADE ratings were mostly downgraded



Ginger and human health: an umbrella review 1515

T
A

B
L

E
1

C
ha

ra
ct

er
is

tic
s

of
in

cl
ud

ed
sy

st
em

at
ic

re
vi

ew
s

ex
pl

or
in

g
th

e
ef

fe
ct

s
of

gi
ng

er
co

ns
um

pt
io

n
on

hu
m

an
he

al
th

ou
tc

om
es

1

SR
A

ut
ho

r
an

d
ye

ar
(r

ef
)

Pr
im

ar
y

st
ud

ie
s,

n
(s

tu
dy

de
si

gn
)

Pa
rt

ic
ip

an
ts

,
n

G
in

ge
r

in
te

rv
en

tio
n

C
om

pa
ra

to
r

(n
)

O
ut

co
m

e
Pr

im
ar

y
st

ud
y

qu
al

ity
SR

qu
al

ity
(A

M
ST

A
R

-2
)

Po
pu

la
tio

n
IG

s,
n

Sp
ec

ie
s

(n
)

Fo
rm

(n
)

D
os

e,
g

(n
)

Fr
eq

ue
nc

y
(n

)
D

ur
at

io
n

(n
)

A
na

lg
es

ic
M

et
ab

ol
ic

G
I

A
dv

er
se

O
th

er

10
9

(R
C

T
)

M
/F

m
ix

ed
he

al
th

N
R

11
3

N
R

M
os

tc
ap

M
os

tly
0.

5–
1.

5
SD

O
D

to
Q

ID
3

m
o

Pl
ac

eb
o

(8
9)

√
√

√
√

√
39

%
hi

gh
L

ow
D

ru
g/

vi
ta

m
in

(1
4)

U
su

al
ca

re
(6

)
E

br
ah

im
za

de
h-

A
tta

ri
20

17
(3

0)
3

(R
C

T
)

M
/F

B
M

I
≥2

5
N

R
3

Z
O

Po
w

1
(1

)
SD

(1
)

Pl
ac

eb
o

√
M

os
tl

ow
/u

nc
le

ar
R

O
B

L
ow

2
(2

)
N

R
(2

)
10

–1
2

w
k

(2
)

B
al

bo
nt

in
20

19
(5

1)
17

(N
R

)
F

pr
e-

/p
os

tn
at

al
pe

ri
od

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

√
H

ig
h/

av
er

ag
e

L
ow

B
ar

te
ls

20
15

(3
9)

5
(R

C
T

)
M

/F
O

A
87

4
5

Z
O

(3
),

N
R

(2
)

C
ap

0.
5

(3
)

N
R

3–
4

w
k

(2
)

Pl
ac

eb
o

(5
)

√
√

M
os

tu
nc

le
ar

R
O

B
M

od
1

(2
)

6
w

k
(2

)
D

ru
g/

vi
ta

m
in

(2
)

12
w

k
(1

)
C

he
n

20
20

(4
2)

2
(R

C
T

)
M

/F
m

ig
ra

in
e

21
4

2
N

R
C

ap
0.

4
(1

)
O

D
(1

)
SD

(1
)

Pl
ac

eb
o

√
H

ig
h

M
od

0.
6

(1
)

T
ID

(1
)

3
m

o
(1

)
C

ri
ch

to
n

20
19

(4
9)

18
(R

C
T

:1
5;

no
n-

R
C

T
:3

)
M

/F
C

T
X

fo
r

ca
nc

er
16

50
21

N
R

C
ap

(1
8)

<
1

(5
)

B
D

(1
1)

<
5

d
(3

)
Pl

ac
eb

o
(1

4)
√

√
√

M
os

tl
ow

R
O

B
H

ig
h

Po
w

(2
)

1–
2

(1
5)

T
ID

(1
)

5–
10

d
(8

)
U

su
al

ca
re

(4
)

D
ri

nk
(1

)
N

R
(1

)
Q

ID
(4

)
>

1
m

o
(7

)
N

R
(2

)
D

ai
ly

20
15

(2
9)

7
(R

C
T

)
F

dy
sm

en
or

rh
ea

65
1

9
N

R
C

ap
<

1
(3

)
O

D
(2

)
3–

5
d

(8
)

Pl
ac

eb
o

(4
)

√
√

M
os

tl
ow

/m
od

M
od

1–
2

(6
)

B
D

(2
)

PR
N

(1
)

D
ru

g/
vi

ta
m

in
(2

)
T

ID
(2

)
St

re
tc

hi
ng

(1
)

Q
ID

(1
)

D
ilk

ot
ho

rn
sa

ku
l2

02
1

(4
3)

2
(R

C
T

)
F

la
ct

at
in

g
13

3
2

N
R

C
ap

(1
)

1
(1

)
B

D
3

d
(1

)
Pl

ac
eb

o
√

√
L

ow
/u

nc
le

ar
R

O
B

M
od

Po
w

(1
)

10
(1

)
7

d
(1

)
H

as
an

i2
01

9
(3

1)
6

(R
C

T
)

M
/F

m
et

ab
ol

ic
co

nd
iti

on
s

34
5

6
N

R
Po

w
0.

5
(1

)
N

R
7–

8
w

k
(3

)
Pl

ac
eb

o
(4

)
√

10
0%

hi
gh

L
ow

1.
6–

2
(2

)
10

w
k

(2
)

B
la

ck
te

a
(1

)
3

(3
)

12
w

k
(1

)
H

u
20

20
(4

0)
13

(R
C

T
)

F
pr

en
at

al
11

74
15

N
R

C
ap

(1
1)

<
1

(1
)

T
ID

(4
)

3–
4

d
(1

1)
Pl

ac
eb

o
(8

)
√

√
M

os
tl

ow
/u

nc
le

ar
R

O
B

L
ow

Sy
ru

p
(1

)
1

(9
)

Q
ID

(1
)

2–
3

w
k

(2
)

D
ru

g/
vi

ta
m

in
(7

)
B

is
c

(1
)

1.
5–

2.
5

(3
)

N
R

(8
)

Ja
fa

rn
ej

ad
20

17
(3

2)
9

(R
C

T
)

M
/F

T
2D

M
or

H
L

60
9

9
Z

O
C

ap
(6

)
<

1
(2

)
B

D
(2

)
2

m
o

(6
)

U
ns

pe
ci

fie
d

co
nt

ro
l

√
√

56
%

hi
gh

L
ow

3
m

o
(3

)
Ta

b
(3

)
1–

2
(2

)
3

(5
)

Ja
la

li
20

20
(4

6)
20

(R
C

T
)

M
/F

m
ix

ed
he

al
th

88
8

20
N

R
C

ap
(1

4)
<

1
(4

)
N

R
10

–1
1

d
(2

)
U

ns
pe

ci
fie

d
co

nt
ro

l
√

80
%

hi
gh

L
ow

Ta
b

(2
)

1–
2

(1
2)

4–
8

w
k

(6
)

Po
w

(2
)

>
2–

3
(4

)
10

–1
2

w
k

(1
2)

R
aw

(2
)

K
ho

ra
sa

ni
20

20
(3

3)
18

(R
C

T
)

F
pr

en
at

al
pe

ri
od

16
90

18
N

R
C

ap
(1

2)
<

1
(5

)
B

D
(1

)
3–

7
d

(1
3)

Pl
ac

eb
o

(1
1)

√
N

R
L

ow
B

is
c

(1
)

1
(9

)
T

ID
(4

)
14

–2
1

d
(3

)
D

ru
g/

vi
ta

m
in

(7
)

L
iq

ui
d

(2
)

>
1–

2.
5

(3
)

Q
ID

(1
)

60
d

(1
)

U
su

al
ca

re
(1

)
N

R
(3

)
N

R
(1

)
N

R
(1

2)
M

ac
it

20
19

(4
7)

8
(R

C
T

:6
;P

ro
:2

)
M

/F
he

al
th

y
or

B
M

I
≥3

0
28

5
8

Z
O

Po
w

(2
)

0.
03

–0
.0

4
(2

)
N

R
SD

(3
)

Pl
ac

eb
o

(4
)

√
N

R
C

ri
tl

ow

N
R

(6
)

1
(2

)
4

w
k

(2
)

U
ns

pe
ci

fie
d

co
nt

ro
l

(2
)

2
(3

)
10

–1
2

w
k

(3
)

N
on

e
(2

)
20

(1
)

M
ah

ar
lo

ue
i2

01
9

(3
4)

13
(R

C
T

)
M

/F
B

M
I
≥2

5
47

3
13

Z
O

Po
w

(1
2)

0.
05

(1
)

N
R

2
w

k
(1

)
Pl

ac
eb

o
√

M
os

tl
ow

R
O

B
L

ow
E

xt
(1

)
1–

2
(8

)
6–

8
w

k
(4

)
3

(4
)

10
–1

2
w

k
(9

)

(C
on

ti
nu

ed
)



1516 Crichton et al.

T
A

B
L

E
1

(C
on

ti
nu

ed
)

SR
A

ut
ho

r
an

d
ye

ar
(r

ef
)

Pr
im

ar
y

st
ud

ie
s,

n
(s

tu
dy

de
si

gn
)

Pa
rt

ic
ip

an
ts

,
n

G
in

ge
r

in
te

rv
en

tio
n

C
om

pa
ra

to
r

(n
)

O
ut

co
m

e
Pr

im
ar

y
st

ud
y

qu
al

ity
SR

qu
al

ity
(A

M
ST

A
R

-2
)

Po
pu

la
tio

n
IG

s,
n

Sp
ec

ie
s

(n
)

Fo
rm

(n
)

D
os

e,
g

(n
)

Fr
eq

ue
nc

y
(n

)
D

ur
at

io
n

(n
)

A
na

lg
es

ic
M

et
ab

ol
ic

G
I

A
dv

er
se

O
th

er

M
ar

x
20

15
(4

8)
10

(R
C

T
:8

;
O

bs
:2

)
M

/F
m

ix
ed

he
al

th
65

0
10

Z
O

C
ap

(6
)

1–
2

(2
)

O
D

(5
)

1
(2

)
Pl

ac
eb

o
(5

)
√

√
M

os
tl

ow
R

O
B

M
od

R
aw

/c
oo

k
(2

)
3–

4
(2

)
B

D
(1

)
1–

2
w

k
(5

)
N

R
(5

)
N

R
(2

)
5–

5
(4

)
T

ID
(1

)
3

m
o

(1
)

N
R

(2
)

N
R

(3
)

N
R

(2
)

M
az

id
i2

01
6

(3
5)

9
(R

C
T

)
M

/F
m

et
ab

ol
ic

co
nd

iti
on

s
44

9
9

N
R

Po
w

(4
)

1
(3

)
N

R
7–

10
w

k
(4

)
Pl

ac
eb

o
√

√
√

10
0%

lo
w

R
O

B
M

od

N
R

(5
)

>
1–

2
(3

)
2–

3
m

o
(4

)
3

(3
)

N
R

(1
)

M
or

va
ri

dz
ad

eh
20

20
(4

4)
16

(R
C

T
)

M
/F

m
ix

ed
he

al
th

10
10

16
Z

O
N

R
1–

1.
9

(4
)

N
R

4–
6

w
k

(3
)

Pl
ac

eb
o

√
√

M
os

tl
ow

/u
nc

le
ar

R
O

B
L

ow

2
(5

)
8–

10
w

k
(8

)
3

(5
)

12
w

k
(3

)
N

R
(1

)
N

eg
i2

02
1

(4
5)

8
(R

C
T

)
F

dy
sm

en
or

rh
ea

10
66

8
Z

O
(1

)
C

ap
<

1
(4

)
B

D
(1

)
2–

3
d

(5
)

Pl
ac

eb
o

(5
)

√
√

M
os

tl
ow

/u
nc

le
ar

R
O

B
C

ri
tl

ow

N
R

(7
)

1
(3

)
T

ID
(3

)
4–

5
d

(2
)

D
ru

g/
vi

ta
m

in
(3

)
1.

5
(1

)
Q

ID
(4

)
N

R
(1

)
O

zg
ol

i2
01

8
(5

0)
10

(R
C

T
:2

;
no

n-
R

C
T

8)
F

pr
en

at
al

pe
ri

od
10

59
11

N
R

C
ap

(8
)

0.
25

–1
.5

(8
)

B
D

(2
)

4
d

(1
0)

Pl
ac

eb
o

(7
)

√
√

M
os

th
ig

h
C

ri
tL

ow

B
is

c
(1

)
2–

8g
2

(2
)

Q
ID

(3
)

1
w

k
(1

)
N

R
(4

)
Sy

ru
p

(2
)

N
R

(1
)

N
R

(6
)

Pa
tta

ni
ttu

m
20

16
(4

1)
4

(R
C

T
)

F
dy

sm
en

or
rh

ea
41

6
4

Z
O

C
ap

0.
5–

0.
75

(3
)

T
ID

(1
)

3
d

(1
)

Pl
ac

eb
o

(4
)

√
√

M
os

tl
ow

/u
nc

le
ar

R
O

B
M

od

1.
5

(1
)

N
R

(1
)

5
d

(1
)

D
ru

g/
vi

ta
m

in
(1

)
R

aj
ab

za
de

h
20

18
(3

6)
2

(R
C

T
)

F
dy

sm
en

or
rh

ea
22

0
2

N
R

C
ap

0.
5–

1
B

D
(1

)
3

d
(1

)
Pl

ac
eb

o
(1

)
√

√
M

od
/h

ig
h

L
ow

Q
ID

(1
)

10
d

(1
)

D
ru

g/
vi

ta
m

in
(1

)
To

th
20

18
(3

7)
10

(R
C

T
)

F
po

st
op

91
8

12
Z

O
Po

w
(1

0)
<

1
(4

)
SD

(1
1)

1
d

Pl
ac

eb
o

(1
0)

√
√

M
os

tu
nc

le
ar

R
O

B
M

od
R

aw
(1

)
1

(6
)

Pr
e-

&
po

st
su

rg
er

y
(1

)
U

ns
pe

ci
fie

d
co

nt
ro

l
(2

)
E

xt
(1

)
1.

5–
2

(2
)

W
ils

on
20

15
(3

8)
8

(R
C

T
)

M
/F

m
ix

ed
he

al
th

24
6

8
Z

O
1–

2
(6

)
1

d
(2

)
3–

4
(2

)
SD

(2
)

5–
11

d
(3

)
N

R
6–

10
w

k
(3

)
Pl

ac
eb

o

1
A

M
ST

A
R

-2
,A

ss
es

sm
en

to
f

M
ul

tip
le

Sy
st

em
at

ic
R

ev
ie

w
s

2;
C

ri
t,

cr
iti

ca
lly

;C
T

X
,c

he
m

ot
he

ra
py

;G
R

A
D

E
,G

ra
di

ng
R

ec
om

m
en

da
tio

ns
,A

ss
es

sm
en

t;,
H

L
,h

yp
er

lip
id

em
ia

;I
G

,i
nt

er
ve

nt
io

n
gr

ou
p;

m
od

,m
od

er
at

e;
N

A
,n

ot
as

se
ss

ed
;n

on
-R

C
T,

no
n–

ra
nd

om
iz

ed
co

nt
ro

lle
d

tr
ia

l;
N

R
,n

ot
re

po
rt

ed
;O

A
,

os
te

oa
rt

hr
iti

s;
O

bs
,o

bs
er

va
tio

na
ls

tu
dy

;P
O

N
V

,p
os

to
pe

ra
tiv

e
na

us
ea

an
d

vo
m

iti
ng

;P
R

N
,a

s
ne

ed
ed

(u
nt

il
pa

in
re

lie
f)

;P
ro

,p
ro

sp
ec

tiv
e

st
ud

y;
R

C
T,

ra
nd

om
iz

ed
co

nt
ro

lle
d

tr
ia

l;
R

O
B

,r
is

k
of

bi
as

;S
D

,s
in

gl
e

do
se

;T
2D

M
,t

yp
e

2
di

ab
et

es
m

el
lit

us
;Z

O
,Z

in
gi

be
r

of
fic

in
al

e.
2
1–

4
ts

p
=

2–
8g

.



Ginger and human health: an umbrella review 1517

T
A

B
L

E
2

Sy
nt

he
si

s
of

pr
im

ar
y

st
ud

ie
s

ev
al

ua
tin

g
th

e
ef

fe
ct

of
gi

ng
er

on
ea

ch
hu

m
an

ou
tc

om
e

as
re

po
rt

ed
in

th
e

in
cl

ud
ed

sy
st

em
at

ic
re

vi
ew

s1

Pr
im

ar
y

st
ud

ie
s

To
ta

l,
n

Pa
rt

ic
ip

an
tt

yp
e

To
ta

l
sa

m
pl

e
si

ze
,n

G
in

ge
r

fo
rm

D
ur

at
io

n
D

ai
ly

gi
ng

er
do

se
,g

Po
si

tiv
e

ef
fe

ct
(P

<

0.
05

)
(m

od
ifi

ed
co

ns
is

te
nc

y
ra

tin
g)

O
ve

rl
ap

O
ut

co
m

e
m

et
a-

an
al

yz
ed

A
na

lg
es

ic
ef

fe
ct

s
D

ys
m

en
or

rh
ea

Pa
in

se
ve

ri
ty

(2
,2

9,
36

,4
1,

45
)

7
D

ys
m

en
or

rh
ea

83
5

C
ap

3–
10

d
0.

5–
1.

5
7

(1
00

%
)

21
%

Y
es

Pa
in

du
ra

tio
n

(2
9,

45
)

2
D

ys
m

en
or

rh
ea

24
5

C
ap

3–
5

d
1–

1.
5

0
(0

%
)

33
%

Y
es

O
st

eo
ar

th
ri

tis
Pa

in
se

ve
ri

ty
(2

,3
9)

7
K

ne
e/

hi
p

O
A

10
72

C
ap

/p
ow

/ta
b

3–
12

w
k

0.
2–

1.
5

4
(5

7%
)

43
%

Y
es

K
ne

e
st

if
fn

es
s

se
ve

ri
ty

(3
9)

2
K

ne
e

O
A

45
1

C
ap

6
w

k
0.

5
2

(1
00

%
)

N
A

N
o

Pa
in

-r
el

at
ed

di
sa

bi
lit

y
(3

9)
4

K
ne

e
O

A
70

4
C

ap
3–

12
w

k
0.

5–
1

3
(7

5%
)

N
A

Y
es

Po
st

ex
er

ci
se

m
us

cl
e

pa
in

Pa
in

se
ve

ri
ty

(2
,3

8)
6

T
ra

in
ed

/u
nt

ra
in

ed
22

3
Po

w
SD

,6
w

k
2–

4
3

(5
0%

)
43

%
N

o
H

ea
da

ch
e/

m
ig

ra
in

e
Se

ve
ri

ty
(2

,4
2)

4
M

ig
ra

in
e/

po
st

op
42

7
C

ap
SD

,3
m

o
0.

4–
0.

8
4

(1
00

%
)

25
%

N
o

T
re

at
m

en
tr

es
po

ns
e

(4
2)

2
M

ig
ra

in
e

16
7

C
ap

SD
,3

m
o

0.
4–

0.
6

0
(0

%
)

N
A

Y
es

M
et

ab
ol

ic
E

ff
ec

ts
B

P Sy
st

ol
ic

(2
,3

1)
6

T
2D

M
/B

M
I
≥2

5/
H

L
34

5
Po

w
7–

12
w

k
0.

5–
9

6
(1

00
%

)
17

%
Y

es
D

ia
st

ol
ic

(2
,3

1)
6

T
2D

M
/B

M
I
≥2

5/
H

L
34

5
Po

w
7–

12
w

k
0.

5–
9

6
(1

00
%

)
17

%
Y

es
B

lo
od

lip
id

s
T

ri
gl

yc
er

id
es

(2
,3

2,
34

,3
5)

14
T

2D
M

/B
M

I
≥2

5/
PD

/H
L

72
0

C
ap

/p
ow

/ta
b/

ex
t

SD
,3

m
o

0.
00

5–
9

10
(7

1%
)

21
%

Y
es

H
D

L
-C

(2
,3

2,
34

,3
5)

14
T

2D
M

/B
M

I
≥2

5/
PD

/H
L

71
2

C
ap

/p
ow

/ta
b/

ex
t

SD
,3

m
o

0.
00

5–
9

7
(5

0%
)

19
%

Y
es

L
D

L
-C

(2
,3

2,
34

,3
5)

14
T

2D
M

/B
M

I
≥2

5/
PD

/H
L

77
1

C
ap

/p
ow

/ta
b/

ex
t

SD
,3

m
o

0.
00

5–
9

10
(7

1%
)

10
%

Y
es

T
C

(2
,3

2,
34

)
16

T
2D

M
/B

M
I
≥2

5/
PD

/H
L

84
2

C
ap

/p
ow

/ta
b/

ex
t

SD
,3

m
o

0.
00

5–
9

10
(6

3%
)

13
%

Y
es

B
lo

od
cl

ot
tin

g
Pl

at
el

et
ag

gr
eg

at
io

n
(2

,4
8)

6
H

ea
lth

y/
H

T
N

/M
I

12
8

C
ap

SD
,4

m
o

1–
10

2
(3

3%
)

17
%

N
o

T
hr

om
B

2
pr

od
uc

tio
n

(2
,4

8)
3

H
ea

lth
y/

ob
es

e
99

C
ap

/r
aw

/c
oo

k
1–

6
w

k
5–

40
1

(3
3%

)
33

%
N

o
Fi

br
in

og
en

(2
,4

8)
3

O
be

se
/M

I
10

2
C

ap
SD

,4
m

o
3–

10
0

(0
%

)
33

%
N

o
Fi

br
in

ol
yt

ic
ac

tiv
ity

(2
,4

8)
3

O
be

se
/M

I
10

2
C

ap
SD

,4
m

o
3–

10
0

(0
%

)
33

%
N

o
G

ly
ce

m
ic

co
nt

ro
l

Fa
st

in
g

B
G

L
(2

,3
2,

34
,3

5)
21

T
2D

M
/P

D
/H

L
/B

M
I
≥2

5
91

7
C

ap
/ta

b
SD

,3
m

o
0.

05
–4

11
(5

2%
)

19
%

Y
es

H
bA

1c
(2

,3
5)

4
T

2D
M

/B
M

I
≥2

5
22

2
C

ap
/ta

b
SD

,3
m

o
0.

05
–4

4
(1

00
%

)
75

%
Y

es
B

lo
od

in
su

lin
(2

,3
,3

0,
34

)
11

T
2D

M
/B

M
I
≥2

5
47

4
C

ap
/ta

b
SD

,3
m

o
0.

05
–4

9
(8

2%
)

9%
Y

es
In

su
lin

re
si

st
an

ce
2

(2
,3

0,
34

)
10

T
2D

M
/B

M
I
≥2

5
40

9
C

ap
/ta

b
SD

,3
m

o
0.

05
–4

9
(9

0%
)

15
%

Y
es

W
ei

gh
tm

an
ag

em
en

t
B

od
y

w
ei

gh
t(

2,
30

,3
4,

47
)

6
H

ea
lth

y/
B

M
I
≥2

5
22

3
Po

w
/e

xt
1

d,
3

m
o

0.
05

–2
0

2
(3

3%
)

33
%

Y
es

B
M

I
(2

,3
,3

0,
34

,4
7)

6
H

ea
lth

y/
B

M
I
≥2

5
22

3
Po

w
/e

xt
1

d,
3

m
o

0.
05

–2
0

2
(3

3%
)

33
%

Y
es

W
ai

st
-t

o-
hi

p
ra

tio
(2

,3
4)

5
H

ea
lth

y/
T

2D
M

/B
M

I
≥2

5
16

9
Po

w
/e

xt
1

d,
3

m
o

0.
05

–2
0

2
(4

0%
)

0%
Y

es
H

ip
ci

rc
u

fe
re

nc
e

(2
,3

4)
3

T
2D

M
/B

M
I
≥2

5
16

2
Po

w
8–

12
w

k
0.

5–
2

1
(3

3%
)

0%
Y

es

(C
on

ti
nu

ed
)



1518 Crichton et al.

T
A

B
L

E
2

(C
on

ti
nu

ed
)

Pr
im

ar
y

st
ud

ie
s

To
ta

l,
n

Pa
rt

ic
ip

an
tt

yp
e

To
ta

l
sa

m
pl

e
si

ze
,n

G
in

ge
r

fo
rm

D
ur

at
io

n
D

ai
ly

gi
ng

er
do

se
,g

Po
si

tiv
e

ef
fe

ct
(P

<

0.
05

)
(m

od
ifi

ed
co

ns
is

te
nc

y
ra

tin
g)

O
ve

rl
ap

O
ut

co
m

e
m

et
a-

an
al

yz
ed

A
pp

et
ite

(2
,3

0,
47

)
4

H
ea

lth
y/

B
M

I
≥2

5/
PD

17
0

Po
w

/ta
b/

co
ok

SD
,6

w
k

2–
20

3
(7

5%
)

50
%

N
o

Fu
lln

es
s

(2
,3

0)
2

H
ea

lth
y/

B
M

I
≥2

5/
PD

56
Po

w
/ta

b/
co

ok
SD

,6
w

k
1–

20
2

(1
00

%
)

0%
N

o
Fo

od
in

ta
ke

(2
,3

0)
3

H
ea

lth
y/

B
M

I
≥2

5/
PD

10
0

Po
w

/ta
b/

co
ok

SD
,6

w
k

1–
20

2
(6

7%
)

0%
N

o
E

ne
rg

y
in

ta
ke

(3
0,

47
)

3
H

ea
lth

y/
B

M
I
≥2

5/
PD

10
2

Po
w

/ta
b/

co
ok

SD
,6

w
k

1–
20

3
(1

00
%

)
50

%
N

o
T

he
rm

og
en

es
is

(3
0,

47
)

3
H

ea
lth

y/
B

M
I
≥2

5/
PD

79
Po

w
/ta

b/
co

ok
SD

,6
w

k
1–

20
3

(1
00

%
)

0%
N

o
G

as
tr

oi
nt

es
tin

al
E

ff
ec

ts
N

au
se

a
an

d
V

om
iti

ng
of

Pr
eg

na
nc

y
N

au
se

a
in

ci
de

nc
e

(2
,3

3,
40

,5
0)

16
Pr

eg
na

nt
15

13
C

ap
/s

yr
p/

bi
sc

/e
xt

SD
,2

1d
0.

5–
2.

5
15

(9
4%

)
59

%
Y

es
N

au
se

a
se

ve
ri

ty
(2

,3
3,

40
)

15
Pr

eg
na

nt
15

63
C

ap
/s

yr
p/

bi
sc

/e
xt

SD
,2

1d
0.

5–
2.

5
15

(1
00

%
)

63
%

Y
es

V
om

iti
ng

in
ci

de
nc

e
(2

,3
3,

40
)

16
Pr

eg
na

nt
17

02
C

ap
/s

yr
p/

bi
sc

/e
xt

SD
,2

1d
0.

5–
2.

5
14

(8
8%

)
47

%
Y

es
R

et
ch

in
g

in
ci

de
nc

e
(2

,3
3)

3
Pr

eg
na

nt
53

1
C

ap
/e

xt
4–

21
d

0.
1–

0.
8

3
(1

00
%

)
50

%
N

o
PO

N
V

PO
N

V
in

ci
de

nc
e

(2
,3

7)
14

M
ix

ed
po

st
op

12
90

Po
w

/r
aw

/e
xt

SD
0.

1–
2

8
(5

7%
)

36
%

N
o

N
au

se
a

in
ci

de
nc

e
(3

7)
9

M
ix

ed
po

st
op

85
8

Po
w

/r
aw

/e
xt

SD
0.

1–
2

6
(6

7%
)

N
A

Y
es

N
au

se
a

se
ve

ri
ty

(2
,3

7)
10

M
ix

ed
po

st
op

11
29

Po
w

/r
aw

/e
xt

SD
0.

1–
2

9
(9

0%
)

20
%

Y
es

V
om

iti
ng

in
ci

de
nc

e
(3

7)
7

M
ix

ed
po

st
op

91
8

Po
w

/r
aw

/e
xt

SD
0.

1–
2

4
(5

7%
)

N
A

Y
es

A
nt

ie
m

et
ic

s
de

m
an

d
(2

,3
7)

6
M

ix
ed

po
st

op
73

8
Po

w
/e

xt
SD

0.
1–

1
4

(6
7%

)
33

%
Y

es
C

IN
V

A
nt

ic
ip

C
IN

in
ci

de
nc

e
(2

,4
9)

2
C

T
X

fo
r

ca
nc

er
30

2
C

ap
5–

6
d

1.
2–

2
2

(1
00

%
)

10
0%

N
o

O
ve

ra
ll

C
IN

in
ci

de
nc

e
(2

,4
9,

52
)

10
C

T
X

fo
r

ca
nc

er
11

72
C

ap
/ta

b/
po

w
3

d,
6

c
0.

02
–2

2
(2

0%
)

35
%

Y
es

A
cu

te
C

IN
in

ci
de

nc
e

(2
,4

9,
52

)
7

C
T

X
fo

r
ca

nc
er

12
36

C
ap

/ta
b/

po
w

3
d,

3
c

0.
02

–2
3

(4
3%

)
43

%
Y

es
D

el
ay

ed
C

IN
in

ci
de

nc
e

(2
,4

9,
52

)
8

C
T

X
fo

r
ca

nc
er

12
61

C
ap

/ta
b/

po
w

3
d,

3
c

0.
02

–2
2

(2
5%

)
38

%
Y

es
O

ve
ra

ll
C

IN
se

ve
ri

ty
(2

,4
9,

52
)

10
C

T
X

fo
r

ca
nc

er
11

82
C

ap
/ta

b/
po

w
3–

5
d

0.
5–

2
4

(4
0%

)
55

%
Y

es
A

cu
te

C
IN

se
ve

ri
ty

(2
,4

9)
8

C
T

X
fo

r
ca

nc
er

56
5

C
ap

/ta
b/

po
w

3–
5

d
0.

5–
2

1
(1

3%
)

88
%

Y
es

D
el

ay
ed

C
IN

se
ve

ri
ty

(2
,4

9)
8

C
T

X
fo

r
ca

nc
er

66
5

C
ap

/ta
b/

po
w

3–
5

d
0.

5–
2

5
(6

3%
)

88
%

Y
es

O
ve

ra
ll

C
IV

in
ci

de
nc

e
(2

,4
9,

52
)

11
C

T
X

fo
r

ca
nc

er
95

3
C

ap
/ta

b/
po

w
3

d,
3

c
0.

02
–2

3
(2

7%
)

50
%

Y
es

A
nt

ic
ip

C
IV

in
ci

de
nc

e
(2

,4
9,

52
)

3
C

T
X

fo
r

ca
nc

er
18

3
C

ap
5–

6
d

1.
2–

2
2

(6
7%

)
33

%
N

o
A

cu
te

C
IV

in
ci

de
nc

e
(2

,4
9,

52
)

10
C

T
X

fo
r

ca
nc

er
96

5
C

ap
/ta

b/
po

w
5

d,
3

c
0.

02
–1

3
(3

0%
)

45
%

Y
es

D
el

ay
ed

C
IV

in
ci

de
nc

e
(2

,4
9,

52
)

10
C

T
X

fo
r

ca
nc

er
96

5
C

ap
/ta

b/
po

w
3

d,
3

c
0.

02
–2

4
(4

0%
)

45
%

Y
es

C
IV

fr
eq

ue
nc

y
(2

,4
9,

52
)

3
C

T
X

fo
r

ca
nc

er
27

1
C

ap
5

d
0.

5
2

(6
7%

)
17

%
N

o
C

IN
V

–r
el

at
ed

Q
oL

(2
,4

9)
4

C
T

X
fo

r
ca

nc
er

66
0

C
ap

/ta
b/

po
w

3
d,

3
c

0.
02

–1
.5

3
(6

0%
)

10
0%

Y
es

C
IN

V
-r

el
at

ed
fa

tig
ue

(2
,4

9)
5

C
T

X
fo

r
ca

nc
er

65
2

C
ap

/ta
b/

po
w

3
d,

3
c

0.
02

–2
3

(7
5%

)
10

0%
Y

es

(C
on

ti
nu

ed
)



Ginger and human health: an umbrella review 1519

T
A

B
L

E
2

(C
on

ti
nu

ed
)

Pr
im

ar
y

st
ud

ie
s

To
ta

l,
n

Pa
rt

ic
ip

an
tt

yp
e

To
ta

l
sa

m
pl

e
si

ze
,n

G
in

ge
r

fo
rm

D
ur

at
io

n
D

ai
ly

gi
ng

er
do

se
,g

Po
si

tiv
e

ef
fe

ct
(P

<

0.
05

)
(m

od
ifi

ed
co

ns
is

te
nc

y
ra

tin
g)

O
ve

rl
ap

O
ut

co
m

e
m

et
a-

an
al

yz
ed

M
ot

io
n

Si
ck

ne
ss

N
&

V
in

ci
de

nc
e

(2
)

3
H

ea
lth

y
14

9
C

ap
SD

1–
2

2
(7

5%
)

N
A

N
o

N
au

se
a

in
ci

de
nc

e
(2

)
2

H
ea

lth
y

11
3

C
ap

/p
ow

SD
1–

2
1

(5
0%

)
N

A
N

o
V

er
tig

o
in

ci
de

nc
e

(2
)

2
H

ea
lth

y
87

C
ap

SD
1

1
(5

0%
)

N
A

N
o

N
ys

ta
gm

us
(2

)
2

H
ea

lth
y

15
0

C
ap

SD
1

1
(5

0%
)

N
A

N
o

G
as

tr
ic

m
ot

ili
ty

G
as

tr
ic

em
pt

yi
ng

(2
)

5
H

ea
lth

y/
re

sp
/d

ys
pn

oe
a

14
4

C
ap

/E
N

1–
21

d
0.

4–
1.

2
3

(6
0%

)
N

A
N

o
G

as
tr

ic
dy

sr
hy

th
m

ia
(2

)
3

In
du

ce
d

dy
sr

hy
th

m
ia

13
7

C
ap

1
d

1–
2

2
(7

5%
)

N
A

N
o

A
nt

i-
in

fla
m

m
at

or
y

ef
fe

ct
s

C
R

P
(2

,3
5,

44
,4

6)
15

T
2D

M
/B

M
I
≥3

0/
K

D
/C

a/
N

A
FL

D
/O

A
/T

B
68

9
C

ap
/p

ow
/ta

b/
ra

w
4–

12
w

k
0.

5–
3

12
(8

0%
)

38
%

Y
es

T
N

F-
α

(2
,3

8,
44

,4
6)

9
T

2D
M

/N
A

FL
D

/O
A

/T
B

/r
es

p
47

8
C

ap
/p

ow
/e

xt
4–

12
w

k
1.

5–
3

7
(7

8%
)

37
%

Y
es

IL
-6

(2
,3

8,
44

,4
6)

7
T

2D
M

/B
M

I
≥3

0/
PD

/C
a/

re
sp

24
8

C
ap

/p
ow

6–
10

w
k

1–
3

6
(8

6%
)

14
%

Y
es

IL
-1

(2
,3

8)
3

H
ea

lth
y/

O
A

/r
es

p
16

0
C

ap
/p

ow
/E

N
3–

8
w

k
0.

4–
2

3
(1

00
%

)
0%

N
o

sI
C

A
M

(4
4)

3
T

2D
M

/K
D

16
1

U
ns

pe
ci

fie
d

8–
10

w
k

1–
3

1
(3

3%
)

N
A

Y
es

PG
E

2
(2

,3
8,

46
)

3
H

ea
lth

y/
T

2D
M

11
7

C
ap

/r
aw

/c
oo

k
2–

12
w

k
1.

6–
2

3
(1

00
%

)
33

%
Y

es
A

nt
io

xi
da

nt
ef

fe
ct

s
M

D
A

(2
,4

6)
6

T
2D

M
/B

M
I
≥3

0/
K

D
/U

C
37

9
C

ap
/ta

b
10

–1
2

w
k

1–
3

4
(6

7%
)

38
%

Y
es

TA
C

(2
,4

6)
4

T
2D

M
/B

M
I
≥3

0
19

3
C

ap
/ta

b
10

–1
2

w
k

1–
3

4
(1

00
%

)
25

%
Y

es
E

ff
ec

ts
on

ph
ys

ic
al

pe
rf

or
m

an
ce

R
an

ge
of

m
ot

io
n

(3
8)

3
U

nt
ra

in
ed

80
Po

w
1–

11
d

2–
4

0
(0

%
)

N
A

N
o

A
rm

ci
rc

um
fe

re
nc

e
(3

8)
3

U
nt

ra
in

ed
80

Po
w

1–
11

d
2–

4
0

(0
%

)
N

A
N

o
Pe

rc
ei

ve
d

ex
er

tio
n

(3
8)

2
U

nt
ra

in
ed

52
Po

w
1–

7
d

2
0

(0
%

)
N

A
N

o
E

ff
ec

ts
on

la
ct

at
io

n
B

re
as

tm
ilk

vo
lu

m
e

(2
,4

3)
2

Po
st

pa
rt

um
13

3
C

ap
3–

7
d

1–
10

1
(5

0%
)

33
%

N
o

1
A

nt
ic

ip
,a

nt
ic

ip
at

or
y;

B
G

,b
lo

od
gl

uc
os

e
co

nc
en

tr
at

io
n;

B
is

c,
bi

sc
ui

t;
B

P,
bl

oo
d

pr
es

su
re

;c
,c

he
m

ot
he

ra
py

cy
cl

es
;C

,c
ho

le
st

er
ol

;c
ap

,c
ap

su
le

s;
C

IN
,c

he
m

ot
he

ra
py

-i
nd

uc
ed

na
us

ea
;C

IN
V

,
ch

em
ot

he
ra

py
-i

nd
uc

ed
na

us
ea

an
d

vo
m

iti
ng

;C
IV

,c
he

m
ot

he
ra

py
-i

nd
uc

ed
vo

m
iti

ng
;c

oo
k,

co
ok

ed
;C

R
P,

c-
re

ac
tiv

e
pr

ot
ei

n;
C

T
X

,c
he

m
ot

he
ra

py
;E

N
,e

nt
er

al
nu

tr
iti

on
;e

xt
,e

xt
ra

ct
;H

L
,h

yp
er

lip
id

em
ia

;H
T

N
,

hy
pe

rt
en

si
on

;K
D

,k
id

ne
y

di
se

as
e;

M
D

A
,m

al
on

di
al

de
hy

de
;M

I,
m

yo
ca

rd
ia

li
nf

ar
ct

io
n;

N
,n

um
be

r;
N

A
,n

ot
ap

pl
ic

ab
le

;N
&

V
,n

au
se

a
an

d
vo

m
iti

ng
;N

A
FL

D
,n

on
al

co
ho

lic
fa

tty
liv

er
di

se
as

e;
N

V
P,

na
us

ea
an

d
vo

m
iti

ng
of

pr
eg

na
nc

y;
O

A
,o

st
eo

ar
th

ri
tis

;P
D

,p
er

ito
ne

al
di

al
ys

is
;P

G
E

2,
Pr

os
ta

gl
an

di
n

E
2
;P

O
N

V
,p

os
to

pe
ra

tiv
e

na
us

ea
an

d
vo

m
iti

ng
;p

ow
,p

ow
de

r;
Q

ID
,f

ou
r

tim
es

da
ily

;Q
oL

,q
ua

lit
y

of
lif

e;
re

sp
,r

es
pi

ra
to

ry
sy

nd
ro

m
e;

SD
,s

in
gl

e
do

se
;s

IC
A

M
,s

ol
ub

le
in

te
rc

el
lu

la
r

ad
he

si
on

m
ol

ec
ul

e;
T

2D
M

,t
yp

e
2

di
ab

et
es

m
el

lit
us

;t
ab

,t
ab

le
ts

;T
A

C
,t

ot
al

an
tio

xi
da

nt
ca

pa
ci

ty
;T

B
,t

ub
er

cu
lo

si
s;

T
C

,t
ot

al
ch

ol
es

te
ro

l;
T

hr
om

,
th

ro
m

bo
xa

ne
;U

C
,u

lc
er

at
iv

e
co

lit
is

.
2
A

s
m

ea
su

re
d

by
H

O
M

A
-I

R
or

qu
an

tit
at

iv
e

in
su

lin
se

ns
iti

vi
ty

ch
ec

k
in

de
x

(Q
U

IC
K

I)
.



1520 Crichton et al.

T
A

B
L

E
3

Su
m

m
ar

y
of

m
et

a-
an

al
ys

es
ev

al
ua

tin
g

th
e

ef
fe

ct
of

gi
ng

er
on

ea
ch

hu
m

an
ou

tc
om

e
as

re
po

rt
ed

in
th

e
in

cl
ud

ed
sy

st
em

at
ic

re
vi

ew
s1

Fi
nd

in
gs

In
te

rv
en

tio
n

ch
ar

ac
te

ri
st

ic
s

St
ud

y
ch

ar
ac

te
ri

st
ic

s,
n

G
R

A
D

E

O
ut

co
m

e
M

D
SM

D
O

R
R

R
95

%
C

I
P

va
lu

e
I2

%
G

in
ge

r
fo

rm
C

om
pa

ra
to

r
D

ur
at

io
n

G
in

ge
r

do
se

G
in

ge
r

fr
eq

ue
nc

y
R

C
T

(I
nt

er
ve

nt
io

n)
Pa

rt
ic

ip
an

t
R

is
k

of
bi

as
In

co
ns

is
te

nc
y

In
di

re
ct

ne
ss

Im
pr

ec
is

io
n

O
th

er
O

ve
ra

ll
ev

id
en

ce
qu

al
ity

A
na

lg
es

ic
ef

fe
ct

s
D

ys
m

en
or

rh
ea

Pa
in

se
ve

ri
ty

(4
5)

−2
.7

cm
2

—
—

—
−3

.5
,−

1.
8

<
0.

00
1

86
C

ap
Pl

ac
3–

5
d

0.
5–

1.
5

B
D

,T
ID

4
(4

)
36

8
−

++
−

+
L

ar
ge

E
S

lo
w

—
—

—
1.

15
0.

5,
2.

5
0.

72
77

C
ap

N
SA

ID
3

d
1.

0
Q

ID
2

(2
)

22
0

−
++

−
+

N
on

e
lo

w
Pa

in
du

ra
tio

n
(4

5)
−2

.2
h

—
—

—
−7

.6
,3

.2
0.

42
56

C
ap

Pl
ac

3–
5

d
1.

0–
1.

5
T

ID
,Q

ID
2

(2
)

24
5

−
+

−
++

N
on

e
v

lo
w

O
st

eo
ar

th
ri

tis
Pa

in
se

ve
ri

ty
(3

9)
—

−0
.3

—
—

−0
.5

,−
0.

1
<

0.
00

1
27

C
ap

Pl
ac

3–
12

w
k

0.
5–

1.
0

N
R

5
(5

)
87

4
−

−
−

−
N

on
e

hi
gh

D
is

ab
ili

ty
(3

9)
—

−0
.2

—
—

−0
.4

,−
0.

0
0.

01
0

C
ap

Pl
ac

3–
12

w
k

0.
5–

1.
0

N
R

4
(4

)
70

4
−

−
−

−
N

on
e

hi
gh

H
ea

da
ch

e/
m

ig
ra

in
e

T
re

at
m

en
tr

es
po

ns
e

(4
2)

—
—

—
2.

0
0.

4,
11

.9
0.

43
64

C
ap

Pl
ac

3
m

o
0.

4–
0.

6
T

ID
2

(2
)

16
7

−
+

−
++

N
on

e
v

lo
w

M
et

ab
ol

ic
ef

fe
ct

s
B

lo
od

Pr
es

su
re

Sy
st

ol
ic

(3
1)

−6
.4

m
m

H
g2

—
—

—
−1

1.
3,

−1
.5

<
0.

00
1

90
Po

w
Pl

ac
/c

on
7–

12
w

k
0.

5–
3.

0
N

R
6

(6
)

34
5

−
+

−
+

la
rg

e
E

S
lo

w
D

ia
st

ol
ic

(3
1)

−2
.1

m
m

H
g

—
—

—
−3

.9
,−

0.
3

<
0.

00
1

74
Po

w
Pl

ac
/c

on
7–

12
w

k
0.

5–
3.

0
N

R
6

(6
)

34
5

−
+

−
+

N
on

e
lo

w
B

lo
od

lip
id

s
T

ri
gl

yc
er

id
es

(3
2)

−8
.8

m
g/

dL
—

—
—

−1
2.

0,
−5

.7
<

0.
00

1
94

C
ap

/ta
b

Pl
ac

/c
on

2–
3

m
o

0.
00

5–
3.

0
N

R
6

(7
)

42
8

+
++

−
+

N
on

e
v

lo
w

H
D

L
-C

(3
2)

2.
9

m
g/

dL
—

—
—

0.
9,

4.
9

<
0.

00
1

98
C

ap
/ta

b
Pl

ac
/c

on
2–

3
m

o
0.

00
5–

3.
0

N
R

7
(8

)
50

9
+

++
−

++
N

on
e

v
lo

w
L

D
L

-C
(3

2)
−5

.1
m

g/
dL

—
—

—
−1

0.
5,

−0
.3

0.
06

95
C

ap
/ta

b
Pl

ac
/c

on
2–

3
m

o
0.

00
5–

3.
0

N
R

6
(6

)
43

3
+

++
−

++
N

on
e

v
lo

w
T

C
(3

2)
−4

.4
m

g/
dL

—
—

—
−8

.7
,−

0.
1

<
0.

00
1

96
C

ap
/ta

b
Pl

ac
/c

on
2–

3
m

o
0.

00
5–

3.
0

N
R

7
(8

)
50

9
+

++
−

++
N

on
e

v
lo

w
G

ly
ce

m
ic

co
nt

ro
l

Fa
st

in
g

B
G

(3
2)

−1
5.

0
m

g/
dL

2
—

—
—

−1
9.

8,
−1

0.
0

<
0.

00
1

83
C

ap
/ta

b
C

on
2–

3
m

o
0.

5–
3.

0
N

R
7

(7
)

47
4

−
++

−
+

la
rg

e
E

S
lo

w
H

bA
1c

(3
5)

−1
.0

1%
2

—
—

—
−2

.0
,−

0.
6

<
0.

05
12

Po
w

Pl
ac

2–
3

m
o

2.
0–

3.
0

N
R

3
(3

)
17

2
−

−
−

++
la

rg
e

E
S

m
od

B
lo

od
in

su
lin

co
nc

en
tr

at
io

ns
(3

4)
—

−0
.5

—
—

−1
.4

,0
.4

0.
23

86
Po

w
Pl

ac
2–

3
m

o
0.

05
–2

.0
N

R
5

(5
)

17
8

−
++

−
++

N
on

e
v

lo
w

In
su

lin
re

si
st

an
ce

3
(3

4)
—

−1
.7

2
—

—
−2

.9
,−

0.
5

<
0.

00
1

86
Po

w
Pl

ac
2–

3
m

o
0.

05
–2

.0
N

R
5

(5
)

17
8

−
++

−
+

ve
ry

la
rg

e
E

S
m

od

B
od

y
w

ei
gh

tm
an

ag
em

en
t

B
od

y
w

ei
gh

t(
34

)
—

−0
.7

2
—

—
−1

.3
,−

0.
0

0.
04

77
Po

w
Pl

ac
2–

3
m

o
0.

05
–2

.0
N

R
4

(4
)

16
2

−
++

−
+

la
rg

e
E

S
lo

w
B

M
I

(3
4)

—
−0

.7
2

—
—

−1
.4

,0
.1

<
0.

00
1

77
Po

w
Pl

ac
2–

3
m

o
0.

05
–2

.0
N

R
4

(4
)

16
2

−
++

−
+

la
rg

e
E

S
lo

w
W

ai
st

-t
o-

hi
p

ra
tio

(3
4)

—
−0

.5
—

—
−0

.8
,−

0.
2

<
0.

00
1

0
Po

w
Pl

ac
2–

3
m

o
0.

05
–2

.0
N

R
4

(4
)

16
2

−
−

−
+

N
on

e
m

od
H

ip
ci

rc
um

fe
re

nc
e

(3
4)

—
−0

.4
—

—
−0

.8
,−

0.
1

0.
01

0
Po

w
Pl

ac
2–

3
m

o
0.

05
–2

.0
N

R
3

(3
)

13
7

−
−

−
+

N
on

e
m

od
G

as
tr

oi
nt

es
tin

al
ef

fe
ct

s
N

au
se

a
an

d
vo

m
iti

ng
of

pr
eg

na
nc

y
N

au
se

a
in

ci
de

nc
e

(4
0)

—
—

7.
5

—
4.

1,
13

.5
<

0.
00

1
30

C
ap

/o
th

er
4

Pl
ac

4–
21

d
1.

0–
2.

5
N

R
5

(5
)

26
1

−
−

−
+

ve
ry

la
rg

e
E

S
hi

gh

N
au

se
a

se
ve

ri
ty

(4
0)

—
0.

82
—

—
0.

6,
1.

1
<

0.
00

1
39

C
ap

/o
th

er
4

Pl
ac

4
d

1.
0–

2.
5

N
R

5
(5

)
45

2
−

−
−

−
ve

ry
la

rg
e

E
S

hi
gh

V
om

iti
ng

in
ci

de
nc

e
(4

0)
—

0.
6

—
—

−0
.3

,1
.4

0.
18

8
91

C
ap

/o
th

er
4

Pl
ac

4
d

1.
0–

2.
5

N
R

5
(5

)
45

2
−

++
−

+
N

on
e

lo
w

Po
st

op
na

us
ea

an
d

vo
m

iti
ng

N
au

se
a

in
ci

de
nc

e
(3

7)
—

—
—

−0
.2

−0
.4

,0
.1

0.
13

7
56

Po
w

/o
th

er
4

Pl
ac

/c
on

SD
0.

1–
2.

0
O

D
9

(1
1)

85
8

+
+

−
−

N
on

e
lo

w
N

au
se

a
se

ve
ri

ty
(3

7)
—

−0
.5

—
—

−0
.5

,−
0.

0
0.

01
9

0
Po

w
Pl

ac
/c

on
SD

1.
0

O
D

3
(3

)
36

0
+

−
−

+
N

on
e

lo
w

V
om

iti
ng

in
ci

de
nc

e
(3

7)
—

—
—

−0
.2

−0
.5

,0
.1

0.
20

3
37

Po
w

/o
th

er
4

Pl
ac

/c
on

SD
0.

1–
2.

0
O

D
7

(9
)

91
8

+
−

−
−

N
on

e
m

od
A

nt
ie

m
et

ic
de

m
an

d
(3

7)
—

—
—

−0
.3

−0
.6

,0
.0

0.
07

2
20

Po
w

/o
th

er
4

Pl
ac

/c
on

SD
0.

1–
1.

0
O

D
5

(7
)

56
3

+
−

−
−

N
on

e
m

od

(C
on

ti
nu

ed
)



Ginger and human health: an umbrella review 1521

T
A

B
L

E
3

(C
on

ti
nu

ed
)

Fi
nd

in
gs

In
te

rv
en

tio
n

ch
ar

ac
te

ri
st

ic
s

St
ud

y
ch

ar
ac

te
ri

st
ic

s,
n

G
R

A
D

E

O
ut

co
m

e
M

D
SM

D
O

R
R

R
95

%
C

I
P

va
lu

e
I2

%
G

in
ge

r
fo

rm
C

om
pa

ra
to

r
D

ur
at

io
n

G
in

ge
r

do
se

G
in

ge
r

fr
eq

ue
nc

y
R

C
T

(I
nt

er
ve

nt
io

n)
Pa

rt
ic

ip
an

t
R

is
k

of
bi

as
In

co
ns

is
te

nc
y

In
di

re
ct

ne
ss

Im
pr

ec
is

io
n

O
th

er
O

ve
ra

ll
ev

id
en

ce
qu

al
ity

C
he

m
ot

he
ra

py
-i

nd
uc

ed
na

us
ea

an
d

vo
m

iti
ng

O
ve

ra
ll

C
IN

in
ci

de
nc

e
(4

9)
—

—
0.

8
—

0.
6,

1.
3

0.
42

48
C

ap
/ta

b
Pl

ac
3

d,
6c

0.
02

–2
.0

B
D

,T
ID

8
(9

)
92

8
−

+
−

−
N

on
e

m
od

A
cu

te
C

IN
in

ci
de

nc
e

(4
9)

—
—

0.
8

—
0.

5,
1.

4
0.

47
63

C
ap

Pl
ac

3
d,

3
c

0.
02

–2
.0

B
D

,T
ID

5
(6

)
59

0
+

+
−

−
N

on
e

v
lo

w
5

D
el

ay
ed

C
IN

in
ci

de
nc

e
(4

9)
—

—
0.

9
—

0.
7,

1.
3

0.
64

28
C

ap
Pl

ac
3

d,
3

c
0.

02
–2

.0
B

D
,T

ID
6

(7
)

83
4

−
−

−
+

N
on

e
m

od
5

O
ve

ra
ll

C
IN

se
ve

ri
ty

(4
9)

—
−0

.1
—

—
−0

.6
,0

.4
0.

71
83

C
ap

/p
ow

Pl
ac

/u
c

3–
5

d
1.

0
B

D
,T

ID
4

(5
)

43
8

−
++

−
−

N
on

e
lo

w
5

A
cu

te
C

IN
se

ve
ri

ty
(4

9)
—

−0
.0

—
—

−0
.2

,0
.2

0.
76

0
C

ap
/p

ow
Pl

ac
/u

c
3-

5
d

1.
0

B
D

,T
ID

4
(5

)
43

8
−

−
−

+
N

on
e

m
od

D
el

ay
ed

C
IN

se
ve

ri
ty

(4
9)

—
0.

0
—

—
−0

.6
,0

.7
0.

94
91

C
ap

/p
ow

Pl
ac

/u
c

3-
5

d
1.

0
B

D
,T

ID
4

(5
)

43
8

−
++

−
+

N
on

e
v

lo
w

5

O
ve

ra
ll

C
IV

in
ci

de
nc

e
(4

9)
—

—
0.

8
—

0.
4,

1.
4

0.
27

66
C

ap
Pl

ac
3

d,
3

c
0.

02
–2

.0
B

D
,T

ID
,Q

ID
8

(9
)

82
5

−
+

−
−

N
on

e
m

od

A
cu

te
C

IV
in

ci
de

nc
e

(4
9)

—
—

0.
4

—
0.

2,
0.

8
0.

01
20

C
ap

Pl
ac

5
d,

3
c

0.
02

–1
.0

B
D

,T
ID

3
(3

)
30

1
−

−
−

−
N

on
e

m
od

D
el

ay
ed

C
IV

in
ci

de
nc

e
(4

9)
—

—
0.

8
—

0.
4,

1.
8

0.
63

76
C

ap
Pl

ac
3

d,
3

c
0.

02
–2

.0
B

D
,T

ID
,Q

ID
6

(7
)

67
1

−
++

−
−

N
on

e
lo

w

C
IN

V
-r

el
at

ed
Q

oL
(4

9)
—

0.
5

—
—

−0
.1

,1
.0

0.
09

78
C

ap
Pl

ac
3

d,
3

c
0.

02
–1

.2
B

D
,T

ID
3

(3
)

27
9

−
++

−
+

N
on

e
v

lo
w

C
IN

V
-r

el
at

ed
fa

tig
ue

(4
9)

—
0.

2
—

—
0.

0,
0.

9
0.

03
0

C
ap

Pl
ac

3
d

1.
0–

2.
0

N
R

2
(2

)
21

9
−

−
−

+
N

on
e

m
od

A
nt

i-
in

fla
m

m
at

or
y

ef
fe

ct
s

C
R

P
(4

6)
−1

.0
6

—
—

—
−1

.5
,−

0.
5

<
0.

00
1

86
C

ap
/ta

b/
po

w
C

on
4-

12
w

k
0.

5–
3.

0
N

R
10

(1
2)

56
5

−
++

−
−

N
on

e
lo

w
T

N
F-

α
(4

4)
−0

.9
6

—
—

—
−1

.5
,−

0.
2

<
0.

05
89

N
R

Pl
ac

4-
12

w
k

1.
5–

2.
0

N
R

7
(7

)
42

8
−

++
−

−
N

on
e

lo
w

IL
-6

(4
4)

−0
.5

6
—

—
—

−1
.3

,0
.4

>
0.

05
89

N
R

Pl
ac

6–
10

w
k

1.
0–

3.
0

N
R

5
(5

)
30

2
−

++
−

−
N

on
e

lo
w

sI
C

A
M

(4
4)

0.
56

—
—

—
−0

.4
,0

.3
<

0.
05

0
N

R
Pl

ac
8–

10
w

k
1.

0–
3.

0
N

R
3

(3
)

16
1

−
−

−
+

N
on

e
m

od
PG

E
2

(4
6)

−0
.3

6
—

—
—

−0
.6

,0
.0

0.
05

0
C

ap
/o

th
er

5
C

on
2–

12
w

k
1.

6–
2.

0
N

R
3

(4
)

11
7

−
−

−
+

N
on

e
m

od
A

nt
io

xi
da

nt
ef

fe
ct

s
M

D
A

(4
6)

−0
.7

6
—

—
—

−1
.3

,−
0.

0
0.

04
83

C
ap

/ta
b

C
on

10
–1

2
w

k
1.

0–
3.

0
N

R
6

(7
)

27
0

−
++

−
+

N
on

e
v

lo
w

TA
C

(4
6)

1.
06

—
—

—
0.

7,
1.

3
<

0.
01

95
C

ap
/ta

b
C

on
10

–1
2

w
k

1.
0–

3.
0

N
R

4
(5

)
19

3
−

++
−

+
N

on
e

v
lo

w

1
B

D
,t

w
ic

e
da

ily
;C

,c
ho

le
st

er
ol

;c
ap

,c
ap

su
le

s;
c,

ch
em

ot
he

ra
py

cy
cl

es
;C

IN
,c

he
m

ot
he

ra
py

-i
nd

uc
ed

na
us

ea
;C

IV
,c

he
m

ot
he

ra
py

-i
nd

uc
ed

vo
m

iti
ng

;c
m

,c
en

tim
et

er
s

on
10

-c
m

vi
su

al
an

al
og

ue
sc

al
e

(V
A

S)
;c

on
,c

on
tr

ol
;C

R
P,

c-
re

ac
tiv

e
pr

ot
ei

n;
E

S,
ef

fe
ct

si
ze

;G
R

A
D

E
,

G
ra

di
ng

of
R

ec
om

m
en

da
tio

ns
,A

ss
es

sm
en

t,
D

ev
el

op
m

en
ta

nd
E

va
lu

at
io

ns
;I

2
,h

et
er

og
en

ei
ty

;I
nt

,i
nt

er
ve

nt
io

n;
M

D
,m

ea
n

di
ff

er
en

ce
;M

D
A

,m
al

on
di

al
de

hy
de

;N
R

,n
ot

re
po

rt
ed

;N
SA

ID
,n

on
st

er
oi

da
la

nt
i-

in
fla

m
m

at
or

y
dr

ug
;O

D
,o

nc
e

da
ily

;P
G

E
2,

Pr
os

ta
gl

an
di

n
E

2
;p

la
c,

pl
ac

eb
o;

po
w

,p
ow

de
r;

Q
ID

,4
tim

es
da

ily
;Q

oL
,q

ua
lit

y
of

lif
e;

R
C

T,
ra

nd
om

iz
ed

co
nt

ro
lle

d
tr

ia
l;

SD
,s

in
gl

e
do

se
;s

IC
A

M
,s

ol
ub

le
in

te
rc

el
lu

la
r

ad
he

si
on

m
ol

ec
ul

e;
SM

D
,s

ta
nd

ar
di

ze
d

m
ea

n
di

ff
er

en
ce

;s
t,

st
an

da
rd

ca
re

;T
re

sp
on

se
,t

re
at

m
en

tr
es

po
ns

e;
ta

b,
ta

bl
et

s;
TA

C
,t

ot
al

an
tio

xi
da

nt
ca

pa
ci

ty
;T

C
,t

ot
al

ch
ol

es
te

ro
l:

T
ID

,3
tim

es
da

ily
;u

c,
us

ua
lc

ar
e;

−,
no

ts
er

io
us

;+
,s

er
io

us
;+

+,
ve

ry
se

ri
ou

s.
2
L

ar
ge

ef
fe

ct
si

ze
.

3
A

s
m

ea
su

re
d

by
H

O
M

A
-I

R
or

qu
an

tit
at

iv
e

in
su

lin
se

ns
iti

vi
ty

ch
ec

k
in

de
x

(Q
U

IC
K

I)
.

4
O

th
er

fo
rm

s
of

gi
ng

er
ad

m
in

is
tr

at
io

n
in

cl
ud

ed
ra

w
,c

oo
ke

d,
sy

ru
p,

ex
tr

ac
t,

an
d

bi
sc

ui
ts

.
5
G

R
A

D
E

le
ve

lr
ep

or
te

d
as

ca
lc

ul
at

ed
in

sy
st

em
at

ic
re

vi
ew

.
6
U

ni
to

f
m

ea
su

re
no

tr
ep

or
te

d;
ef

fe
ct

si
ze

no
ti

nt
er

pr
et

ab
le

.



1522 Crichton et al.

due to inconsistency (high heterogeneity) and imprecision (small
sample sizes and wide 95% CIs) and were not improved by a
large effect size in most cases. Almost all outcomes had low
risk of bias in primary RCTs and no outcomes were down-
graded due to indirectness or publication bias (26). However,
publication bias was not able to be fully investigated due to
the small number of studies included for most outcomes and,
therefore, could have unknown effects on the conclusions of this
review.

Therapeutic efficacy of ginger

Table 2 presents primary studies and Table 3 contains meta-
analyses evaluating the effect of ginger on each human outcome
as reported in the included systematic reviews. These results are
more simply presented in Figure 2.

Analgesic effects

Eight systematic reviews (2, 29, 36, 38, 39, 41, 42, 45)
explored the effect of ginger on 3 pain-inducing conditions.
The overall finding was consistent evidence of a moderate
to large beneficial analgesic effect. In female participants
with dysmenorrhea, there was consistent evidence that ginger
statistically significantly reduced pain severity compared with
placebo (effect size: large; GRADE level: low) (45) and is
as effective as nonsteroidal anti-inflammatory drugs (NSAIDs;
effect size: small; GRADE level: low). Compared with placebo,
the effect of ginger on dysmenorrhea pain duration was not
statistically significant on meta-analysis (GRADE level: very
low) (45). In participants with osteoarthritis, there was a large
body of consistent evidence (meta-analyses of >700 cases
and ≥4 primary studies) that ginger statistically significantly
reduced pain severity and pain-related disability compared with
placebo (effect size: small; GRADE level: high) (39). Although
meta-analysis was not conducted, 100% (n = 2) of primary
studies which assessed osteoarthritis-related knee stiffness (39)
and 50% (n = 3) of studies that assessed postexercise muscle
pain severity in trained and untrained participants found a
statistically significant positive effect of ginger consumption (2,
38). In participants with headache or migraine, meta-analysis
found no statistically significant effect of ginger on treatment
response compared with placebo (GRADE level: very low)
(42). No meta-analysis exploring headache/migraine severity was
conducted in any review; however, the 4 (100%) primary studies
which assessed headache/migraine severity found a statistically
significant positive effect with ginger (2, 42).

Metabolic effects

Nine systematic reviews (2, 3, 30–32, 34, 35, 47, 48) explored
the effect of ginger on 3 metabolic conditions. The overall
finding was consistent evidence of a moderate to large beneficial
effect for cardiovascular health, glycemic control, and weight
management. With reference to cardiovascular health outcomes,
there was consistent evidence that ginger reduced systolic and
diastolic blood pressure compared with placebo (effect size:
medium to large; GRADE level: low) (31). Subgroup analyses
found that only doses of >3 g/d or durations of ≤8 wk

were statistically significantly effective for systolic and diastolic
blood pressure but did not explain considerable heterogeneity
(I2 = 94%, I2 = 81%, respectively) (31). Regarding blood
lipids, there was consistent evidence that ginger compared with
placebo or unspecified control statistically significantly reduced
the concentration of triglycerides and total cholesterol and
statistically significantly increased HDL cholesterol (effect size:
small; GRADE level: very low) (32). Although 10 (71%) of the
14 studies that measured LDL cholesterol found a statistically
significant positive effect of ginger, no statistical significance
was found when meta-analysis was performed (GRADE level:
very low) (32). Subgroup analyses improved heterogeneity and
found statistically significant effects on total cholesterol (I2 =
55%) and HDL-cholesterol (I2 = 87%) only for participants
with hyperlipidemia and not those with T2DM (32). In 2 (33%)
of the 6 primary studies that reported on platelet aggregation,
1 (33%) of the 3 primary studies that reported on thromboxane
B2 production, and no studies that measured fibrinogen or
fibrinolytic activity found a statistically significant reduction with
ginger consumption (2, 48). No reviews conducted meta-analysis
of blood clotting outcomes.

Regarding glycemic control, there was consistent evidence
that ginger compared with placebo reduced insulin resistance
[measured as HOMA-IR or quantitative insulin sensitivity
check index (QUICKI); effect size: very large; GRADE level:
moderate] (34), fasting blood glucose levels (effect size: large;
GRADE level: low) (32), and glycated hemoglobin (HbA1c;
effect size: large; GRADE level: moderate) (35), but had no
statistically significant effect on blood insulin concentrations
(GRADE level: very low) (34). Subgroup analyses by population
found only statistically significant effects on fasting blood
glucose concentrations for participants with T2DM, but not
hyperlipidemia (32).

Concerning weight management, there was some evidence
that ginger in comparison with placebo reduced body weight
and BMI (effect size: large; GRADE level: low) as well as
hip circumference and waist-to-hip ratio (effect size: small to
medium; GRADE: moderate) (34). Although meta-analyses were
not conducted, 3 (75%) of the primary studies that assessed
appetite, 2 (67%) of the primary studies that assessed food
intake, 2 (100%) studies that measured fullness, and 3 (100%)
studies that examined energy intake or thermogenesis found no
statistically significant positive effects with ginger consumption
(2, 30, 47).

Gastrointestinal effects

Seven systematic reviews (2, 33, 37, 40, 49, 50, 52) explored
the effect of ginger on nausea and vomiting. In pregnant women,
there was consistent evidence that ginger statistically signifi-
cantly reduced nausea incidence and severity when compared
with placebo (effect size: very large; GRADE level: high) and had
no statistically significant effect on vomiting incidence (GRADE
level: low) (40). Although not meta-analyzed, all 3 (100%)
primary studies that assessed retching incidence in pregnant
women found a statistically significant positive effect with ginger
(2, 33, 40). In participants following surgical procedures, there
was consistent evidence that ginger statistically significantly
reduced postoperative nausea severity in comparison with
placebo or unspecified control (effect size: medium; GRADE
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FIGURE 2 Summary of the strength of evidence for the therapeutic effects of oral ginger supplementation. The left column indicates the meta-analyses with
GRADE ratings that were very low, low, moderate, or high. Numbers in the right column indicate the modified consistency rating (number of primary studies
with a statistically significantly positive effect or no statistically significant effect for each outcome). 1GRADE level of evidence for meta-analysis if conducted
by systematic reviews. 2As measured by HOMA-IR or QUICKI. Antic., anticipatory; BGL, blood glucose level; BP, blood pressure; CIN, chemotherapy-
induced nausea; CINV, chemotherapy-induced nausea and vomiting; CIV, chemotherapy-induced vomiting; CRP, c-reactive protein; GRADE, Grading of
Recommendations, Assessment, Development, and Evaluations; MDA, malondialdehyde; PGE2, prostaglandin E2; PONV, postoperative nausea and vomiting;
QoL, quality of life; QUICKI, quantitative insulin sensitivity check; sICAM, soluble intercellular adhesion molecule; TAC, total antioxidant capacity.
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level: low) but had no statistically significant effect on nausea or
vomiting incidence or demand for rescue antiemetics (GRADE
level: low to moderate) (37).

In participants undergoing chemotherapy and receiving stan-
dard antiemetics, there was some evidence that adjuvant ginger
consumption statistically significantly reduced likelihood of
acute vomiting incidence and nausea and vomiting-related
fatigue compared with placebo (effect size: small to medium;
GRADE level: moderate) (49). There was a large body of
evidence suggesting that ginger had no statistically significant
effect on incidence or severity of overall chemotherapy-induced
nausea or vomiting, acute nausea, delayed nausea or vomiting,
or chemotherapy-induced nausea and vomiting-related quality
of life in comparison with placebo or usual care (GRADE
level: very low to moderate) (49). Subgroup analyses improved
heterogeneity but did not affect the effect sizes for chemotherapy-
induced nausea and vomiting outcomes.

No reviews conducted meta-analysis of motion sickness or
gastric emptying outcomes. However, 2 (67%) of the 3 studies
that assessed incidence of nausea and/or vomiting related to
motion sickness and 1 (50%) of the 2 studies that assessed
incidence of nausea or motion sickness symptoms (vertigo and
nystagmus) found a statistically significant positive effect with
ginger consumption (2). Three (60%) of the 5 primary studies that
measured gastric emptying and 2 (67%) of the 3 primary studies
that measured induced gastric dysrhythmia found a statistically
significant positive effect with ginger (2).

Anti-inflammatory and antioxidant effects

Five systematic reviews (2, 35, 38, 44, 46) explored the
anti-inflammatory and antioxidant effects of ginger and the
overall finding was consistent evidence of a moderate beneficial
effect. There was consistent evidence that ginger compared
with placebo or unspecified control statistically significantly
reduced C-reactive protein (CRP) (46), TNF-α (44), soluble
intercellular adhesion molecule (sICAM) (44), malondialdehyde
(MDA), and total antioxidant capacity (TAC; effect size: unclear;
GRADE level: very low to moderate) (46). There was some
evidence that ginger had no statistically significant effect on
prostaglandin E2 (PGE2; GRADE level: moderate) (46) or
IL-6 (GRADE level: low) (44). The 3 (100%) studies that
assessed IL-1 found statistically significant reductions with gin-
ger consumption; however, no reviews conducted meta-analysis
(2, 38).

Other effects

Three systematic reviews (2, 38, 43) explored other effects
of ginger. The overall finding was consistent evidence of no
beneficial effect on lactation as well as physical performance. All
3 (100%) primary studies that assessed range of motion and arm
circumference and both (100%) studies that assessed perceived
exertion during exercise found no statistically significant effect
of ginger consumption (38). One (50%) of the 2 studies
that measured human breast milk volume found a statistically
significant increase with ginger consumption (2, 43). No reviews
that examined breast milk volume or physical performance
conducted meta-analyses.

Safety of ginger

Nine (60%) (29, 32, 35–37, 43, 44, 50, 51) of the 15 systematic
reviews that reported on adverse events found no incidence of any
adverse effect associated with ginger use (n = 32 primary studies;
n = 1826 participants). In systematic reviews that did report
adverse effects, the most common events reported, regardless of
study population, were mild gastrointestinal side effects, mainly
reflux or heartburn (2, 29, 32, 37, 40, 45, 49, 50, 52, 53),
abdominal discomfort (2, 37, 39, 40, 50), and diarrhea (2, 29,
37, 50). One review (40) found reflux and abdominal discomfort
to be alleviated if ginger was administered with small frequent
meals. In participants undergoing chemotherapy, a meta-analysis
by Crichton et al. (49) found the odds of any gastrointestinal,
flushing, rash-related, or unspecified adverse event reasonably
relatable to the intervention to be statistically significantly higher
with oral ginger consumption (0.16–1 g/d in capsule form, 2 or
4 times daily for 5–56 d) compared with placebo (OR: 2.0; 95%
CI: 1.39, 2.99; P = 0.0003; I2 = 0%; n = 3 studies; n = 5
interventions; n = 1458 participants; GRADE level: moderate).
In participants with osteoarthritis, Bartels et al.’s (39) meta-
analysis found participants given ginger consumption (0.5–1 g/d
in capsule form for 3–12 wk) were at a 2.33 times statistically
significantly higher risk of study withdrawal due to minor adverse
effects (bad taste or various forms of stomach upset) compared
with participants who received placebo (RR: 2.33; 95% CI: 1.04,
5.22; P = 0.04; I2 = 0%; n = 3 studies; n = 500 participants).
However, in patients with dysmenorrhea, Pattanittum et al. (41)
found that ginger was not statistically significantly associated
with increased odds of any adverse event (OR: 0.96; 95% CI:
0.13, 7.09; P = 0.09; I2 = 78%; n = 3 studies; n = 279
participants; GRADE level: low). Likewise, Crichton et al. (49)
found that the odds of heartburn in chemotherapy patients was not
statistically significantly different compared with placebo (OR:
1.88; 95% CI: 0.68, 5.18; P = 0.22; I2 = 0%; n = 3 studies; n =
312 participants; GRADE level: low).

Discussion
This umbrella review identified a convincing body of evidence

that, in humans, ginger conferred analgesic, metabolic, and gas-
trointestinal therapeutic effects on a range of health conditions.
The strongest evidence for therapeutic effects, with high certainty
of the evidence (GRADE level: high) and very large effect
size, was found for the antiemetic effects of ginger in pregnant
women (1.0–2.5 g/d for 4–21 d). These findings were clinically
meaningful; for example, evident by women consuming ginger
being 7.5 times less likely to experience nausea than those
who received placebo. Great confidence in the analgesic effects
of ginger in populations with osteoarthritis was also found
(0.5–1.0 g/d for 3–12 wk; GRADE level: high). Despite the
effect size being small, clinical significance is suggested due
to similar standardized mean differences in the treatment effect
being observed with NSAIDs, which are a standard treatment
for osteoarthritic pain (54). There was moderate confidence
(GRADE level: moderate) in a large to very large estimated effect
of ginger for glycemic control (0.05–3 g/d for 2–3 mo; GRADE
level: moderate). These results were also clinically meaningful;
for example, the 1% decrease in HbA1c observed in this review
improves diabetes outcomes, where each 1% increase in HbA1c
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is associated with a 30% increase in all-cause mortality and
40% increase in cardiovascular disease mortality. Furthermore,
ginger had a medium to large effect on some blood pressure,
weight management, dysmenorrhea, postoperative nausea, and
chemotherapy-induced vomiting outcomes, but the certainty in
these effects was mostly low to moderate (0.02–3.0 g/d for 3 d to
3 mo; GRADE level: low to moderate). A statistically significant
small effect of ginger was found on blood lipid profile; however,
there was very low confidence in this effect (0.005–3.0 g/d for
2–3 mo; GRADE level: very low). It remains uncertain whether
the health benefits of ginger were conferred, at least in part, due
to anti-inflammatory and antioxidant behavior, as meta-analyses
showed ginger improved CRP, TNF-α, sICAM, MDA, and TAC
but there was very serious inconsistency and/or imprecision in
these findings (GRADE level: very low to moderate).

Most primary studies included multiple forms of ginger
consumption, but the best evidence was for ginger capsules, most
likely due to ease of administering a consistent and standard-
ized dose as well as enabling blinding via placebo capsules.
Ginger supplement active constituents and frequency of ginger
administration were not well reported in systematic reviews or
primary studies, and studies did not include consideration of how
variations in the chemical composition of ginger, and thus health
effects, depend on ginger species, geographical origin, seasonal
variation, storage, and harvesting and processing methods (55,
56). Therefore, conclusions on biophenol dosing cannot be made;
however, dosage frequency should consider the 2-h half-life of
ginger (48).

Ginger was not associated with any serious adverse events;
however, despite having therapeutic effects, ginger consumption
should not replace medical treatment and should only be
implemented under the care of a medical physician and/or
dietitian as ginger consumption may not be indicated for all
populations. For example, ginger is not suitable for those
with platelet disorders as studies have found ginger to reduce
platelet aggregation, especially in those taking blood-thinning
medications (2, 48). Ginger is also not indicated for populations
susceptible to gastroesophageal reflux as heartburn was found
to be a common minor side effect of ginger consumption in
this review (2, 29, 32, 37, 40, 45, 49, 50, 52, 53). Ginger has
been found to relax the lower esophageal sphincter, which is the
primary mechanism behind reflux (57); however, minor heartburn
may be improved by consuming ginger supplements with food
(40). Slight abdominal discomfort, another side effect reported
with ginger consumption, may actually be attributable to a sudden
positive shift in the composition and function of gastrointestinal
microbiota (58). Therefore, in addition to the possible direct
effects on inflammatory markers, ginger may partly render anti-
inflammatory effects in chronic disease populations through
modulating gastrointestinal microbiota, and also may benefit
healthy populations by reducing chronic inflammation which has
been associated with the onset of diseases such as T2DM, heart
disease, and some cancers (58, 59). The therapeutic effects of
ginger in healthy populations, however, remains uncertain.

Strengths, limitations, and priorities for future research

Numerous strengths and limitations have been identified in
this umbrella review. A strength of the current review is the
broad scope and rigorous study design, including a thorough

quality assessment of the included literature using the latest
version of the AMSTAR-2 and GRADE (25, 26). However,
it must be acknowledged that AMSTAR-2 and GRADE are
subjective measures that do not accurately identify the specific
methodological and analytical limitations of the underlying
literature, as with any quality assessment tool. Another strength
of this review was the extensive consideration of primary study
overlap, that if unaddressed can lead to over-representation of
studies and biased results and is a common limitation in umbrella
reviews (27). A major limitation of this review is the possible
exclusion of RCTs which have not been summarized by the
included systematic reviews, which raises the possibility that key
therapeutic and safety information may not be represented by
the findings. Publication bias was not identified by systematic
reviews as part of the AMSTAR-2 assessment but may be present
due most reviews being rated poorly regarding search strategy
and sample size. For example, despite many commercial ginger
products aimed at motion sickness, only a small amount of studies
(n = 3; n = 149 participants) were found in this review to support
its use (2) and additional studies dating as far back to 1988 have
been excluded (60–62). Future RCTs should be well-powered
and systematic reviews should employ rigorous study designs to
minimize publication bias.

As systematic review quality assessed using AMSTAR-2 and
certainty in the outcome effects evaluated using GRADE was
mostly very low to low, improvements in the quality of future
research is needed. Systematic reviews in this review were given
poor ratings mostly due to lack of detail in justifying choice of
systematic review methodology, rather than the conduct of the
review itself; and the primary studies represented were mostly
high quality according to the diverse range of quality assessment
tools used in the systematic reviews. The key limitation of
the findings represented by this umbrella review were due to
the heterogeneity of dose, frequency, and duration of ginger
interventions, evident by high statistical heterogeneity (I2) when
assessed using meta-analysis. Therefore, the quality of the
reporting of systematic reviews requires improvement for more
confident recommendations to be drawn and methodological
rigor of systematic reviews in nutraceutical interventions is
an important area for future research. Future reviews should
be stringently reported according to PRISMA guidelines (21)
and use best-practice methodology, such as that outlined by
the Cochrane Handbook for Systematic Reviews (19). Future
well-powered dose-dependent RCTs using ginger must test
and report ginger bioactives and transparently report ginger
species, intervention dose, frequency of administration, duration
of intervention, and treatment compliance. Given that it is the
nonvolatile bioactive compounds in ginger that are responsible
for the therapeutic effects, supplements should be standardized
to contain known and equal amounts of bioactive compounds
(5, 56).

Outcomes for which there was insufficient or inconsistent
evidence to support ginger use should be topics of future research
prior to clinical use. This includes the analgesic effects of
ginger on headache and migraine as well as postexercise muscle
pain; metabolic effects on blood lipid profile; antiemetic effects
postoperatively, during chemotherapy or relating to motion
sickness; as well as the anti-inflammatory or antioxidant effects
that may underpin many of the mechanisms of action. Given
that most interventions identified in this review were of short
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duration, future research should consider the long-term effects
of ginger consumption. Additional research areas of priority
include the antimicrobial, immune modulating, neuroprotective,
and antineoplastic, as well as liver- and kidney- protecting effects
of ginger, which have been supported by a substantial number of
animal and mechanistic studies yet not extensively explored in
human clinical trials (3, 4).

Conclusion
Orally consumed ginger was found to be safe and confer

therapeutic effects on human health and well-being, with greatest
confidence in effect for antiemetic effects in pregnant women,
analgesic effects in osteoarthritis, and glycemic control. Ginger
was also associated with an improvement in symptoms and
biomarkers of pain in populations with dysmenorrhea; metabolic
conditions in terms of improving blood pressure and weight
management; and gastrointestinal issues, namely postoperative
nausea and chemotherapy-induced vomiting; however, there was
uncertainty in the clinical relevance for these outcomes. There
was substantial heterogeneity and poor reporting of ginger
interventions; however, doses of 0.5–3.0 g/d in capsule form
administered for up to 3 mo duration was found to be optimal
across most outcomes. Future RCTs and dose-dependent trials
with adequate sample sizes and standardized ginger products
are warranted to better inform and standardize routine clinical
prescription.
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