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Abstract
Purpose

approximately 40% of diabetic patients suffer from diabetic kidney disease, and it is the main cause of CKD in the world. Therefore, the
prevention of renal complications is of importance in diabetic patients. Ginger (zingiber o�cinale Rosco) is popular spice and  natral medicine.
The presence of a systematic review focused on the existing evidence of the renoprotective effect of the ginger extract in Diabetic kidney
disease.

Methods

The literature search was performed in online database such as  PubMed, Scopus, EMBASE, ProQuest databases, and google scholar inception
up to november 2021.

Findings

The review selected 41 articles that met eligibility criteria. Ginger supplementation was found to be associated with a signi�cant decrease in
blood glucose 28 studies. nine studies showed a signi�cant reduction in MDA after supplementation.  Also, sixteen studies showed a decreasing
effect on creatinine. �fteen studies reported a decrease in total cholesterol (TC) and fourteen studies report decrease in triglycerides (TG). In
 twenty-six studies, ginger reduced renal injuries from diabetes.

Implications

Ginger could improve blood sugar indices, lipid pro�le, some in�ammatory factors, oxidative stress, and pathologic injuries in diabetic kidney
disease. However, future high-quality clinical trials and meta-analyses are required for a solid consensus.

1. Introduction
Diabetic kidney disease (DKD) was formerly known as diabetic nephropathy (DN), is a microvascular complication of diabetes, occurring in
about one-third of people with diabetes [1, 2].The International Diabetes Federation estimates that the disease will increase from 463 million in
2019 to 700 million in 2045 [3]. DKD patients have a high prevalence of cardiovascular morbidity and mortality [4]. The cause of pathogenesis
DKD is multifactorial. Hyperglycemia is a key factor in the progression of pathologic alterations in the kidneys [5]. Similarly, dyslipidemia is a
predictive factor in DKD progression [6]. In diabetes, increased oxidative stress plays a pivotal role in the development of DKD [7]. Also,
in�ammation has a crucial role in the onset and progression of DKD [8]. Today, the use of nutritional therapies and nutritional supplements
along with treatment strategies to control the risk factors for cardiovascular disease in patients, including kidney patients, has received much
attention [9].

Ginger is scienti�cally named zingiber O�cinale Roscoe from the Zingiberaceae family [10]. This spice has been used in Chinese medicine and
ayurvedic medicine for centuries [11]. The antioxidant properties of medicinal herbs are related to environmental condition, weather, seasonal
changes, geographical area, degree of ripe, growth, and many other factors during planting and harvesting [12]. The smell of fresh ginger is due
to the presence of a group of phenolic compounds called gingerol, similarly, the smell of dried ginger is due to the presence of shogaols, which
are dehydrated compounds of gingerols. Ginger has been declared to be safe by the US food drug administration [13]. Ginger has bene�cial
features due to bioactive compounds like gingerol, shogaol, paradol, and zingerone [14].

Although several animals studies have been conducted to assess the impact of ginger on metabolic indicators in DKD, a systematic review has
not been initiated in association with this matter. The goal of the present systematic review is to investigate the literature on ginger’s in�uence
on glycemic indices, dyslipidemia, in�ammatory factors, oxidative stress markers, renal function, and structure. The mechanisms of the impact
of ginger are presented in the discussion.

2. Methods

2.1 Search strategy
Search engines included were PubMed, Scopus, Embase, ProQuest, and Google Scholar keywords used in the search strategy were selected from
MeSH and non-MeSH terms including: (“Ginger” OR “Zingiber” OR “Shogaols” OR “zingerone” OR “Gingerols”) AND (“kidney” OR “renal” OR
“dialysis” OR “Hemodialysis” OR “ESRD” OR “CKD” OR “chronic kidney disease” OR “acute renal disease” OR “ARF” OR “nephropathy” OR
“diabetic nephropathy” OR “GFR” OR “Albuminuria” OR “Proteinuria” OR “Creatinine”) AND (“diabetes” OR “diabetes mellitus” OR “type 2
diabetes” OR “type 1 diabetes” OR “T2DM” OR “T1DM” OR “GDM” OR “gestational diabetes mellitus” OR “IDDM” OR “NIDDM” OR “fasting blood
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sugar” OR “fasting blood glucose” OR “glucose intolerance” OR “glucose tolerant” OR “HOMA-IR”. Preferred reporting for systematic reviews
(PRISMA) guidelines were followed when conducting this review.

2.2 Eligibility criteria
Studies on the effect of ginger supplementation on DKD were included in this study. The PICO strategy for the research question of the study
was patient/ population (p): animals mice or rats); Intervention (I): supplementation with ginger; Comparison (C): placebo group; and outcome
(O): changed glycemic indices, lipid pro�le, in�ammatory factors, oxidative stress, and renal function indicator.

(a) animal studies, (b) English published journals, (c) evaluated administration of ginger on DKD were included; Studies were excluded if they:
(a) combination of ginger with other spices (b) no access to the full text were excluded, (c) invitro models.

2.3 Data extraction
First and third authors (PV and HR) screened the titles and abstracts of the qualifying studies seperately. the relevant data including �rst authors
name, year of publication, country, study population, sample size, gender of subjects, ginger dosage, duration of intervention, diabetes induction
method, and outcome data were extracted). Eligible papers were assessed based on the goal checklist, the question of the study, and inclusion/
exclusion criteria. Articles not meeting the criteria for data collection were eliminated. Any discrepancies among reviewers were resolved in
consultation with the authors. The quality of the selected studies was evaluated via a �rst author. Quality assessment studies were used the
syrcle's tool.

2.4 quality assessment
To assess the quality of studies the SYRCLE's RoB tool evaluated studies based on ten criteria: random allocation sequence, animals similar at
baseline, allocation concealment, random housing, blinded investigators, random outcome assessment, criteria blinded outcome collection,
incomplete data justi�cation, unbiased conclusions and other. Each study could ultimately have a total score of 10 points.

3. Results

3.1 Selected Articles
Figure 1 depicts a �owchart of the research selection. The initial search resulted in a total of 567 articles, resulting in 543 non-duplicated
publications after removing 24 articles. Following a review of titles and abstracts, 494 articles were eliminated. 6 studies were excluded due to
the lack of inclusion criteria. Finally, the present review found 41 articles that meet the eligibility criteria. Table 1 summarizes the characteristics
of chosen studies.
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Table 1
characteristics of the included studies

Authors/date Source Models sex Sample
size

Int/ctrl

Substance
induced
diabetes

Daily dose Ginger form Duration Results

Yi, Jun-Koo et
al, 2019[51]

South
Korea

C57BL/6J
mice

M 6/3 STZ 5, 10
mg/kg

6-shogaol 2 weeks - ↓
histopathological
change in kidney

- ↓ blood glucose

Rehman,
Muneeb U et
al., 2019 [24]

India Albino
wister rats

M 6/6 STZ/ HFD 50, 100
mg/kg

Zingerone 16
weeks

- ↓ kidney
damage

- ↓ HbA1c

- ↓ ROS

- ↑ GSH, GPx, GR,
SOD, and CAT

- ↓ TC, LDL, TG
and ↑ HDL

- ↓TNF-a, IL-6, IL-
1β and NF-κB

- ↓ BUN, Cr

Xu, Yun, et al.,
2018 [49]

China C57BL/KsJ
db/db
obese mice

M 10/10 db/db 25, 50
mg/kg

6-shogaol 12
weeks

- ↓ FBS, insulin, C
peptide, and
HbA1c

- ↓ BUN, Cr,
urinary albumin

- ↓ TG and TC

- ↓ pathological
injuries of
kidneys

- ↓ TNF , IL-6 and
NFκB

- ↓ GSH

Irshad, F et al.,
2018[45]

Pakistan Albino
wister rats

M 15/15 Alloxan 200 mg/kg aqueous
extract

5 weeks - ↓ Cr

- ↓ kidney weight

Note: Ctrl control; Int Intervention; M Male; F Female; N R not reported; FBS Fasting blood sugar; TC total cholesterol; TG triglycerides; LDL
Low-Density lipoprotein; HDL High-density lipoprotein; Cr Creatinine; ROS Reactive oxygen species; SOD Superoxide dismutase, CAT catalase,
GPx glutathione peroxidase; GSH Glutathione; BUN Blood urea nitrogen; MDA Malondialdehyde; TAC total antioxidant capacity; IL6
Interleukin6; STZ streptozotocin; HFD High-fat diet; TNFα Tumor necrosis factor α; HbA1c hemoglobin A1c; ↓ decrease; ↑ increase; ↔ not
changed
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Authors/date Source Models sex Sample
size

Int/ctrl

Substance
induced
diabetes

Daily dose Ginger form Duration Results

Cui, Yan, et al.,
2018 [50]

China C57BL/KsJ
db/db
obese mice

M 15/15 db/db 50 mg/kg Zingerone 10
weeks

- ↓ insulin, C
peptide, and
HbA1c

- ↔FBS

- ↓ BUN, Cr,
urinary albumin

- ↓ TG and TC

- ↓ TNF-  and IL-6

- ↓ MDA

- ↑ GSH

- ↓ ROS

- ↓ renal
pathological
change

- ↓ kidney weight

Al Hroob, Amir
M., et al.,
2018[15]

Egypt Albino
wistar rats

M 6/6 STZ 400, 800
mg/kg

ethanolic
extract

6 weeks - ↓ FBS and
HbA1C

- ↓ BUN, Cr, urea,
and urine
albumin

- ↓ kidney
damage

- ↓ MDA

- ↑ GSH, SOD, and
CAT

- ↓ TNF-α, IL-1β,
and IL-6

- ↓ TG, TC, and
LDL and ↑ HDL

Abdulsalam,
K. A., and A. S.
Alkalifa., 2016
[32]

Saudi
Arabia

Albino
wister rats

  10/10 NR (0.5% − 
2%) of
ginger
freeze-
dried or
extract

zingerone 6 weeks - ↔ BUN, uric
acid and urea

- ↑ Cr

- ↑ blood glucose

Note: Ctrl control; Int Intervention; M Male; F Female; N R not reported; FBS Fasting blood sugar; TC total cholesterol; TG triglycerides; LDL
Low-Density lipoprotein; HDL High-density lipoprotein; Cr Creatinine; ROS Reactive oxygen species; SOD Superoxide dismutase, CAT catalase,
GPx glutathione peroxidase; GSH Glutathione; BUN Blood urea nitrogen; MDA Malondialdehyde; TAC total antioxidant capacity; IL6
Interleukin6; STZ streptozotocin; HFD High-fat diet; TNFα Tumor necrosis factor α; HbA1c hemoglobin A1c; ↓ decrease; ↑ increase; ↔ not
changed
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Authors/date Source Models sex Sample
size

Int/ctrl

Substance
induced
diabetes

Daily dose Ginger form Duration Results

Kazeem, M.I
et al., 2015
[47]

Nigeria Albino
Wistar rats

M 8/8 STZ 1.0 mL 500
mg/kg free
and bound
polyphenol

Acetone
extracts

42 days - ↓ urea

- ↔ Cr

- ↓ blood glucose

- ↑ insulin

- ↓ pathological
change in kidney

Hanna, Emily
T. et al., 2014
[16]

Egypt Albino
wister rats

M 7/7 Alloxan 0.5%, 1%,
5%

powder 6 weeks - ↓ blood glucose

- ↓TC and TG,
LDL and ↑ HDL

- ↓Cr and urea

Hajhosieni L.
et al., 2014

[38]

Iran Albino
wister rats

M 10/10 STZ 100 mg/kg powder 8 weeks - ↓MDA

- ↑ TAC

- ↓ kidney
damage

Khaki AA et
al., 2010 [39]

Iran Albino
wister rats

M 10/10 STZ 100
mg/kg/day

powder 30 days - ↓ pathological
change in kidney

- ↓ MDA

- ↑TAC

Afshari et al.
2006 [40]

Iran Albino
wister rats

M 8/8 STZ 5% of daily
food intake

powder 8 weeks. - ↓ MDA

- ↑ TAC

- ↓ renal
nephropathy

Al-Amin et al.
2006 [42]

Kuwait Sprague
Dawley
rats

M 8/8 STZ 500 mg/kg Aqueous
extract

7 weeks. - ↓ blood glucose

- ↓ TC, TG

- ↓ urine protein

Al-Attar et al.
2007[33]

Saudi
Arabia

Albino
wister rats

M 10/10 STZ 5% and
2.5% of
diet

oil 2 weeks - ↑blood glucose,
TG, TC, LDL, and
↓ HDL

- ↑ urine protein,
urea, uric acid

- ↓ Cr

Note: Ctrl control; Int Intervention; M Male; F Female; N R not reported; FBS Fasting blood sugar; TC total cholesterol; TG triglycerides; LDL
Low-Density lipoprotein; HDL High-density lipoprotein; Cr Creatinine; ROS Reactive oxygen species; SOD Superoxide dismutase, CAT catalase,
GPx glutathione peroxidase; GSH Glutathione; BUN Blood urea nitrogen; MDA Malondialdehyde; TAC total antioxidant capacity; IL6
Interleukin6; STZ streptozotocin; HFD High-fat diet; TNFα Tumor necrosis factor α; HbA1c hemoglobin A1c; ↓ decrease; ↑ increase; ↔ not
changed



Page 7/19

Authors/date Source Models sex Sample
size

Int/ctrl

Substance
induced
diabetes

Daily dose Ginger form Duration Results

Elshater et al.
2009[17]

Egypt Albino
wister rats

M 10/10 Alloxan 4ml/kg Aqueous
extract

6 weeks - ↓ blood glucose

- ↓ TC, TG, LDL
and ↑ HDL

- ↓ Cr, urea, uric
acid

Shanmugam
et al. 2009[25]

India Albino
wistar rats

M 6/6 STZ 200mg/kg Ethanolic
extract

30 days - ↓ blood glucose

- ↔ kidney weight

El-kott et al.
2010[18]

Egypt Albino
wister rats

M 8/8 Alloxan 400mg/kg powder 4 weeks - ↓ blood glucose

- ↑ insulin

- ↓ BUN

- ↔ Cr, uric acid

- ↓ pathological
change in kidney

Naglaa
Hassanen
2019[19]

Egypt Albino
wistar rats

M 8/8 STZ 2.5 g, 0.9% Powder or oil 8 weeks - ↓ blood glucose

- ↑ insulin

- ↓ TC, TG, LDL
and ↑ HDL

- ↓ urea, Cr

- ↑ GPx and GSH

- ↓
histopathological
change in kidney

Shanmugam
et al. 2011[55]

India Albino
wistar rats

M 6/6 STZ 200mg/kg Ethanolic
extract

30 days - ↓ blood glucose

- ↓ renal tissue
injuries

Abdulrazaq et
al. 2012[54]

Malaysia Sprague-
dawley rats

M NR STZ 100, 300,
500 mg/kg

Aqueous
extract

30 days - ↓ blood glucose

- ↓ kidney weight

Shanmugam
et al. 2011[27]

India Albino
wister rats

M 6/6 STZ 100,
200mg/kg

Ethanolic
extract

30 days - ↓ blood glucose

- ↓ MDA

- ↓ TC, TG

- ↓ pathological
changes in
kidney tissue

Note: Ctrl control; Int Intervention; M Male; F Female; N R not reported; FBS Fasting blood sugar; TC total cholesterol; TG triglycerides; LDL
Low-Density lipoprotein; HDL High-density lipoprotein; Cr Creatinine; ROS Reactive oxygen species; SOD Superoxide dismutase, CAT catalase,
GPx glutathione peroxidase; GSH Glutathione; BUN Blood urea nitrogen; MDA Malondialdehyde; TAC total antioxidant capacity; IL6
Interleukin6; STZ streptozotocin; HFD High-fat diet; TNFα Tumor necrosis factor α; HbA1c hemoglobin A1c; ↓ decrease; ↑ increase; ↔ not
changed
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Authors/date Source Models sex Sample
size

Int/ctrl

Substance
induced
diabetes

Daily dose Ginger form Duration Results

Shanmugam
et al. 2011[28]

India Albino
wister rats

M 6/6 STZ 1% and 2%
of the diet

powder 30 days - ↓ blood glucose

- ↑ SOD, CAT,
GPX, GR, and
GSH

- ↓ MDA

- ↓ pathological
changes in
kidney

Eleazu et al.
2013[48]

Nigeria Albino
wister rats

M 6/6 STZ 10% of
food intake

powder 3 weeks - ↓ blood glucose

- ↓ urinary protein

- ↔ kidney weight

Sangi et al.
2018[34]

Saudi
Arabia

Albino
wister rats

M 5/5 STZ 1000
mg/kg

Aqueous
extract

3 weeks - ↓ blood glucose

- ↓ urea,
creatinine

- ↓ TG, TC and
HDL

Sangi et al.
2017[35]

Saudi
Arabia

Albino
wister rats

M 5/5 STZ 6% of diet powder 8 weeks - ↓ pathological
change of kidney

Irshad, F et al.,
2018[46]

Pakistan Albino
wister rats

M 15/15 Alloxan 200 mg/kg Aqueous
extract

5 weeks - ↓ kidney
damage

Azza, H et al.
2015[21]

Egypt Albino
wister rats

M 10/10 Alloxan 300 mg/kg
of

Ethanolic
extract

4 weeks - ↓ blood glucose

- ↓ urea, Cr and
urine albumin

- ↓ kidney
damage

- ↑ GSH

- ↓ TNFα

Dalia refaat et
al. 2017[20]

Egypt Albino
wister rats

M 7/7 STZ 125, 250,
500 mg /
100 g of
diet

powder 4 weeks - ↓ blood glucose

- ↓ MDA

- ↑ GSH

- ↓ urea, Cr, uric
acid

Note: Ctrl control; Int Intervention; M Male; F Female; N R not reported; FBS Fasting blood sugar; TC total cholesterol; TG triglycerides; LDL
Low-Density lipoprotein; HDL High-density lipoprotein; Cr Creatinine; ROS Reactive oxygen species; SOD Superoxide dismutase, CAT catalase,
GPx glutathione peroxidase; GSH Glutathione; BUN Blood urea nitrogen; MDA Malondialdehyde; TAC total antioxidant capacity; IL6
Interleukin6; STZ streptozotocin; HFD High-fat diet; TNFα Tumor necrosis factor α; HbA1c hemoglobin A1c; ↓ decrease; ↑ increase; ↔ not
changed
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Authors/date Source Models sex Sample
size

Int/ctrl

Substance
induced
diabetes

Daily dose Ginger form Duration Results

M. K. Jiyil, et
al. 2019[29]

India Albino
wister rats

M 5/5 STZ 400 mg/kg Aqueous
extract

21 days - ↓ blood glucose

- ↓ TC, TG and ↑
HDL

- ↓ urea, uric acid,
Cr

Al-Quadah et
al. 2018[52]

Jordan Albino
wister rats

F 5/5 Alloxan 500 mg/kg Aqueous
extract

21 days - ↓
histopathological
change in kidney

Priti kumara
et al. 2020[30]

India mice NR NR Alloxan 80 mg/kg Aqueous
extract

16
weeks

- ↓ urea, uric acid

- ↓ Blood glucose

- ↓ pathological
change in kidney

SA.Almatroodi
et al. 2021[36]

Saudi
Arabia

Albino
wistar rats

M 8/8 STZ 10 mg/kg 6-gingerol 8 weeks - ↓ FBS

- ↓ TC, TG and
LDL

- ↓ urea, Cr

- ↓ MDA

- ↑ GSH, CAT,
SOD

- ↓ TNFα, IL-6, IL-
1β

- ↓ kidney
damage

S A payami et
al. 2018[41]

Iran Albino
wister rats

M 4/4 STZ 200, 400
mg/kg

Hydroalcoholic
extract

8 weeks - ↓ Blood glucose

- ↓ urinary protein
and Cr

- ↓
histopathological
change in kidney

Taha AM et al.
2020[23]

Egypt Albino
wister rats

M 10/10 STZ 500mg/kg powder 6 weeks - ↓ LDL and TC

- ↓ urea

Irshad, F et al.,
2018[56]

Pakistan Albino
wister rats

M 15/15 Alloxan 200 mg/kg Aqueous
extract

5 weeks - ↓ Blood glucose

- ↓
Histopathological
change in kidney

Johti M et al.
2016[31]

India Albino
wister rats

M 6/6 STZ 10 mg/kg Zingerone 30 days - ↓ Blood glucose

- ↓ TC, TG, LDL
and ↑ HDL

- ↓
Histopathological
change in kidney

Note: Ctrl control; Int Intervention; M Male; F Female; N R not reported; FBS Fasting blood sugar; TC total cholesterol; TG triglycerides; LDL
Low-Density lipoprotein; HDL High-density lipoprotein; Cr Creatinine; ROS Reactive oxygen species; SOD Superoxide dismutase, CAT catalase,
GPx glutathione peroxidase; GSH Glutathione; BUN Blood urea nitrogen; MDA Malondialdehyde; TAC total antioxidant capacity; IL6
Interleukin6; STZ streptozotocin; HFD High-fat diet; TNFα Tumor necrosis factor α; HbA1c hemoglobin A1c; ↓ decrease; ↑ increase; ↔ not
changed
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Authors/date Source Models sex Sample
size

Int/ctrl

Substance
induced
diabetes

Daily dose Ginger form Duration Results

Thomson K et
al. 2013[43]

Kuwait Sprague –
dawley rats

M 14/10 STZ 500 mg/kg Aqueous
extract

8 weeks - ↓ Blood glucose

- ↓ Urine protein

- ↓ Uric acid

- ↑ insulin

Al-Qattan K et
al. 2007[44]

Kuwait Sprague¬
dawley rats

M 10/10 STZ 500 mg/kg extract 7 weeks - ↓ Blood glucose

- ↓
Histopathological
change in kidney

- ↓ Urine protein

Yasin A et al.
2019[22]

Egypt Sprague¬
dawley
albino rats

M 8/8 STZ 200 mg/kg Ethanolic
extract

42 days - ↓
Histopathological
change

- ↓ Uric acid, BUN
and Cr

- ↓ Blood sugar,
HbA1c and ↑
Insulin

- ↑ GPx, SOD and
CAT

- ↓ TC, TG, LDL
and ↑ HDL

Ghudhaib K.
2018 [53]

Iraq Mice NA 10/10 Alloxan 50, 100
mg/ml

Ethanolic
extract

30 days - ↓ TC, TG and
↑HDL

- ↔ Cr, uric acid
and ↓ Urea

- ↓ Blood sugar
and ↑insulin

- ↑TAC

Al Malki W et
al. 2018[37]

Saudi
Arabia

Albino
wister rats

M 20/20 STZ/ HFD NR 6- shogaol 16
weeks

- ↓ Blood glucose

- ↓ BUN, Cr and
urine protein

- ↓ NFκB, TNFα

- ↓ Renal damage

Note: Ctrl control; Int Intervention; M Male; F Female; N R not reported; FBS Fasting blood sugar; TC total cholesterol; TG triglycerides; LDL
Low-Density lipoprotein; HDL High-density lipoprotein; Cr Creatinine; ROS Reactive oxygen species; SOD Superoxide dismutase, CAT catalase,
GPx glutathione peroxidase; GSH Glutathione; BUN Blood urea nitrogen; MDA Malondialdehyde; TAC total antioxidant capacity; IL6
Interleukin6; STZ streptozotocin; HFD High-fat diet; TNFα Tumor necrosis factor α; HbA1c hemoglobin A1c; ↓ decrease; ↑ increase; ↔ not
changed

3.2 Characteristics of the included studies
In total, after screening and deleting duplicate articles, fourty-one studies were selected for this systematic review. All studies assessed diabetic
mice or rats. Ginger was used in different shapes in this study, including ginger powder, ginger oil, aqueous ginger extract, ethanolic ginger
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extract, and bioactive compounds such as zingerone and shogaol. Ginger and ginger extract treatment dosages were ranged from 80 to 1000
mg/kg and bioactive compounds treatment dosages were ranged from 5 to 100 mg/kg. Intervention durations ranged from 2 to 16 weeks.
Location of studies performed as follows: 9 in Egypt [15–23], 8 in India [24–31], 6 in Saudi Arabia [32–37], 4 in Iran [38–41], 3 in Kuwait [42–
44], 3 in Pakistan [45, 46], 2 in Nigeria [47, 48], 2 in China [49, 50], 1 in South Korea [51], Jordan [52], Iraq [53] and Malaysia [54]. Studies were
done from 2006 to2021.

3.3 quality assessment
A summary of The results of quality assessment are demonstrated in Fig. 2. In the majority of studies, performance bias, detection bias, and
allocation concealment were found to be an unclear risks of bias.

Figure 2. Results of the SYRCLE’s tool assessing the risk of bias.

3.4.1 Ginger and glycemic control in DKD
Twenty-eight of 31 studies showed that ginger intake lowers blood glucose level [15–22, 25, 27–31, 36, 37, 41–44, 47–49, 51, 53–56]. On the
contrary, in 2 studies, blood glucose level increased [32, 33]. One study did not show any meaningful changes [50]. 3 out 4 studies reported that
ginger increases serum insulin level [18, 19, 47], whereas in another study the result was reversed [49]. Ginger reduced HbA1C and C peptides in
all studies that examining these biomarkers [15, 22, 24, 49, 50].

3.4.2 Ginger and dyslipidmia in DKD
sixteen out 41 articles examined the effect of ginger on the lipid pro�le. The reduction of TC and TG were also reported by 15 [15–17, 19, 22–24,
27, 29, 31, 34, 36, 42, 50, 53] and 14 [15–17, 19, 22, 24, 27, 29, 31, 34, 36, 42, 50, 53] studies respectively. Ginger has been shown to improve LDL
[15–17, 19, 22–24, 31, 36] and HDL [15–17, 19, 22, 24, 29, 31, 53] levels in nine studies. In one study contarary results were reported for TC, TG,
LDL as well as two studies for HDL [33, 34].

3.4.3 Ginger and oxidative stress indices in DKD
Ginger reduced MDA level in all 9 studies that examined it [15, 20, 27, 28, 36, 38, 40, 50, 57]. In all studies the impact of ginger on the antioxidant
defense system was evaluated, positive results were found. In all studies, ginger elevated the level of GSH [15, 19, 20, 24, 28, 29, 36, 49, 50], CAT,
SOD [15, 22, 24, 36], GR [24, 28], GPx [19, 22, 24, 28] and TAC [38, 40, 53, 57] factors. Similarly 2 studies reported that administration of ginger
decreased ROS levels [24, 50].

3.4.4 Ginger and in�ammation biomarkers in DKD
Eight out 41 studies investigated the in�uence of ginger on in�ammatory factors. Ginger diminished TNFα, IL6, IL1β, and NFκB serum levels in 7
[15, 21, 24, 36, 37, 49, 50], 5 [15, 24, 36, 49, 50], 3 [15, 24, 36], and 3 [24, 37, 49] studies, respectively. The studies did not show any adverse
effects.

3.4.5 Ginger and renal function in DKD
Twenty-eight studies evaluated the potential effect of ginger on kidney function indicators. In 16 of 20 studies ginger supplementation reduced
serum creatinine levels [15–17, 19–22, 24, 29, 33, 34, 36, 41, 45, 49, 50]. On the contrary, creatinine levels were increased in one study [32] and
not changed in 3 studies [18, 47, 53]. Ginger decreased serum levels of urea, BUN, and uric acid in 13 [15–17, 19–21, 23, 29, 30, 34, 36, 47, 53], 6
[15, 18, 22, 24, 49, 50], and 6 [17, 20, 22, 29, 30, 43] studies, respectively. On the contrary, urea and uric acid levels were increased in one study
[33]. Uric acid levels was not signi�cantly changed in three studies [18, 32, 53]. One study showed no meaningful changes in urea and BUN
levels [32]. Urinary protein was decreased in 10 studies [15, 21, 37, 41–44, 48–50] and increased in one study [33].

3.4.6 Ginger and changes in histomorphology and structural renal in DKD
Among the studies, twenty-six evaluated the in�uence of ginger on histopathological changes in kidneys [15, 18, 19, 21, 22, 24, 27, 28, 30, 31,
35–38, 40, 41, 44, 46, 47, 49–52, 55–57]. All studies examining histomorphological changes showed bene�cial effects. The bene�cial impacts
of ginger on bowman’s capsule atrophy, the surface area of bowman’s capsule, and bowman’s space were demonstrated in seven studies [35, 40,
46, 47, 49–51]. In 8 articles, necrosis of tubular and glomerular cells were reduced [15, 22, 27, 28, 44, 49, 50, 55], also hajhosseini et al. found
that the quantity of apoptotic cells was reduced [38]. In 12 studies ginger reduced dilation and degeneration of tubules [15, 21, 22, 27, 28, 37, 40,
49–51, 55, 57]. Additionally, in four studies, the weight of the kidneys were decreased at the end [45, 49, 50, 54]. although in two studies, the
weight of kidneys did not change signi�cantly [25, 48].

4. Discussion
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The present systematic review was conducted to discover the impact of different forms of ginger on metabolic indicators in DKD. The �ndings,
to the best of our knowledge, show some positive effects of ginger in DKD. The result of the current systematic review exhibited that ginger has
a bene�cial effect on blood levels of glucose, insulin, C-peptide and HbA1C. Although, results from blood glucose in Abdulsalam et al. and Al-
Attar et al. studies were contradictory [32, 33]. These results seem to be contradictory due to ginger supplementation was a percentage of the
diet, does not have a speci�c dose and may be low or high, while other studies showed favorable results as they prescribed ginger as mg/kg
body weight. Also, Xu Yun et al. showed that 25 or 50 mg/kg of 6-shogaol reduced insulin serum levels [49]. The difference between this study
and other studies appears to be owing to the assumption that this study was based on 6-shogaol supplementation while other studies were
based on ginger supplementation. There is not enough evidence to conclude about HOMA-IR.

Several possible mechanisms have been suggested for ginger's function on glycemic indices. The authors hypothesized a mechanism shown in
Fig. 3 that ginger can improve blood glucose levels in liver cells. Ginger activates the Ampk pathway. Activation of this pathway leads to
inhibition of FOXO1, which is an important transcription factor in regulating the expression of genes involved in hepatic glucose production
(gluconeogenesis) such as PEPCK and G6pase, thereby reducing hepatic glucose production [58]. Also, ginger inhibits the hepatic
phosphorylase enzyme and inhibits glycogenolysis in liver cells, and increases the activity of glycogenesis enzymes [59]. According to a study,
ginger can also increase the activity of hepatic glycolytic enzymes such as glucokinase, phosphofructokinase, and pyruvate kinase [15]. Another
mechanism can inhibit the hepatic glucose 6 phosphatase enzyme, thereby reducing the conversion of glucose 6 phosphates to glucose and
�nally decreasing blood glucose level [60].

Figure 3. the possible effect of zingiber o�cinale on reduced gluconeogenesis and lipogenesis in the hepatocyte cell. Through the AMPK
pathway, ginger reduces hepatic cholesterol production and lowers blood sugar levels.

In one study, glucose uptake in rat muscle cells were increased due to translocation in GLUT4 transporter to the plasma membrane, and rise in
GLUT 4 gene expression facilitated insulin-independent glucose uptake [61]. Also, ginger can reduce Insulin resistance in skeletal muscle [62]. In
addition, Ginger activates the Ampk pathway [63]. Activation of AMPK by increasing the phosphorylation of IRS, PI3K, and Akt tyrosine roots
improves insulin signaling and increases the translocation GLUT4 transporter to the plasma membrane surface, and increases the entry of
glucose into the cell [64]. Figure 4 shows how ginger may affect insulin sensitivity.

Figure 4. The possible effect of ginger on insulin sensitivity in the skeletal muscle cells. Ginger increases the expression of the GLUT4 gene and
the translocation of GLUT4 to the plasma membrane of muscle cells via the AMPK pathway, which leads to enhanced glucose uptake.

Dyslipidemia is one of the predictors of DKD progression [6, 65, 66]. In general, the lipid pro�le was improved in the present study. Despite this,
the Al-attar study 2.5% or 5% of the diet was supplementedwith ginger oil for two weeks and reported that TC, TG, and LDL levels increased, but
HDL decreased [33]. Also, sangi et al showed that the application of 1000 mg/kg ginger aqueous extract for 3 weeks reduced serum HDL [34].
These results appear to be inconsistent due to the short duration of supplementation.

As shown in Fig. 3, ginger increases the expression of the PPAR-α gene by activating the AMPK-SIRT-PGC-1α pathway in the liver, which leads to
inhibiting the expression of regulatory genes such as SREBP-1c and ACC in lipogenesis. Eventually, the synthesis of cholesterol and fatty acids
is decreased [62]. Several possible mechanisms are proposed for lowering lipid levels with ginger intake in 2 systematic reviews [67, 68]: 1)
reduce cholesterol biosynthesis by reducing farnesyl diphosphate liver production. 2) induction of the conversion of cholesterol into bile acids
and increased cholesterol excretion. 3) liver uptake LDL from circulation and reduces cholesterol synthesis. 4) increased pancreatic lipase. 5)
inhibition of lipid hydrolysis in the intestine. 6) PPARδ pathway activation. 7) decreased RBP expression, which is an indicator of hyperlipidemia.
8) ginger contains niacin, which reduces TG and VLDL and liver uptake LDL. 9) reduce the conversion of excess carbohydrate to TG by reducing
the expression ChREBP gene.

In�ammation and Oxidative stress performs an important role in the pathogenesis and progression of DKD [69, 70]. The results of the current
systematic review support the bene�cial effect of ginger on in�ammation and oxidative stress. Possible mechanisms for reducing in�ammation
by ginger: 1) NF-κB signaling pathway suppression [62]. 2) inhibition of COX-2 and lipoxygenase, thus suppressing AA metabolism. 3) inhibition
of prostaglandin synthesis. 4) some ginger compounds are serotonin blockers that reduce in�ammation and prostaglandins [71]. Hyperglycemia
increases the production of ROS. Ginger reduces ROS directly or indirectly by lowering blood glucose [15]. Also ginger reduces oxidative stress
and lipid peroxidation by scavenging free radicals [72]. Figure 5 shows the possible mechanisms for reducing oxidative stress, which are as
follows: 1) preventing the formation of AGEs via Nrf2 dependent pathway [73]. 2) inhibition of protein kinase C [74]. 3) inhibition of polyol
pathway [75].

Figure 5. Schematic representation of possible mechanisms of the effect of ginger on oxidative stress.

Overall, renal function indicators were improved in the present study. On the contrary, urea, uric acid, and urinary protein levels in Al-Attar et al.
study and creatinine level in Abdulsalam et al. study were increased [32, 33]. These results seem to be contradictory as ginger supplementation
was a percentage of the diet, does not have a speci�c dose and may be low or high, while other studies that showed favorable results were
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ginger in mg/kg body weight. Ginger improves renal function through scavenging free radicals [72]. A study showed that the reduction of urea by
ginger may be due to a mechanism of re-absorption inhibition of urea in the nephrons. Polyphenols and �avonoids present in ginger may paly a
role in renoprotective activities and lowering serum urea, creatinine and uric acid levels [76]. Also, It is suggested that ginger can have a
protective effect on renal function by improving antioxidants status, reversing fatty acid changes, and regulating glycoprotein components

All studies that examined histomorphological changes showed bene�cial effects. Several studies have shown that ginger improves pathological
changes such as cytotoxicity caused by hyperglycemia, cell apoptosis, bleeding in the cortical area of the kidney. A number of studies have
shown that ginger improves and repairs kidney damage. For example, ginger restored membrane integrity in renal tissue and structural
derangement.

Knowledge gaps and future direction

Due to the lack of human studies, more studies are needed to evaluate the effects of ginger on DKD, as there is a gap in current knowledge in
this �eld. The consistency in the result could be related to ginger dosage, supplementation duration, and diverse forms of ginger.

Conclusion
As a whole, the results of the present systematic review indicated that ginger may bene�cially affect the glycaemic indices, oxidative
stress,in�ammatoryfactors, lipid pro�le, and renal function indicators. Although, the results seem promising, Further human trials are required to
achieve precise results.

Declarations
Ethical Standards Disclosure: this is a review article and this part is not applied to this paper.

Acknowledgement: we thank Student Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran.

Con�ict of interest: The authors con�rm that there is no con�ict of interest.

Financial Support: this is a review article and this part is not applied to this paper.

Author contribution: subject of article: ZGh. literature review: ZGh, PV. screen the title and abstract of the qualifying studies: PV, HR. quality
assessment: PV, MZ. Drafting of the manuscript: PV, MZ, HR. reviewing the manuscript: ZGh, PV, MZ, HR. drawing �gures: PV.

Consent for publication:All authors gave �nal approval of the version to be published and agree to be accountable for all aspects of the work.
Z.Gh also accept all responsibility for the manuscript on behalf of all the authors.

Availability of data and materials:Data will be available at the request. Please contanct the corresponding or the �rst author.

References
1. Dounousi E, Duni A, Leivaditis K, Vaios V, Eleftheriadis T, Liakopoulos V: Improvements in the management of diabetic nephropathy. The

review of diabetic studies: RDS 2015, 12(1-2):119.

2. Toth-Manikowski S, Atta MG: Diabetic kidney disease: pathophysiology and therapeutic targets. Journal of diabetes research 2015, 2015.

3. Preguiça I, Alves A, Nunes S, Gomes P, Fernandes R, Viana SD, Reis F: Diet-induced rodent models of diabetic peripheral neuropathy,
retinopathy and nephropathy. Nutrients 2020, 12(1):250.

4. Pálsson R, Patel UD: Cardiovascular complications of diabetic kidney disease. Advances in chronic kidney disease 2014, 21(3):273-280.

5. Akhtar M, Taha NM, Nauman A, Mujeeb IB, Al-Nabet ADM: Diabetic kidney disease: Past and present. Advances in anatomic pathology
2020, 27(2):87-97.

�. Radcliffe NJ, Seah Jm, Clarke M, MacIsaac RJ, Jerums G, Ekinci EI: Clinical predictive factors in diabetic kidney disease progression.
Journal of diabetes investigation 2017, 8(1):6-18.

7. Hakim FA, P�ueger A: Role of oxidative stress in diabetic kidney disease. Medical Science Monitor 2010, 16(2):RA37-RA48.

�. García-García PM, Getino-Melián MA, Domínguez-Pimentel V, Navarro-González JF: In�ammation in diabetic kidney disease. World journal
of diabetes 2014, 5(4):431.

9. Escott-Stump S: Nutrition and diagnosis-related care: Lippincott Williams & Wilkins; 2008.

10. White B: Ginger: an overview. American family physician 2007, 75(11):1689-1691.



Page 14/19

11. Grzanna R, Lindmark L, Frondoza CG: Ginger—an herbal medicinal product with broad anti-in�ammatory actions. Journal of medicinal food
2005, 8(2):125-132.

12. Škrovánková S, Mišurcová L, Machů L: Antioxidant activity and protecting health effects of common medicinal plants. In: Advances in food
and nutrition research. Volume 67, edn.: Elsevier; 2012: 75-139.

13. Ali BH, Blunden G, Tanira MO, Nemmar A: Some phytochemical, pharmacological and toxicological properties of ginger (Zingiber o�cinale
Roscoe): a review of recent research. Food and chemical Toxicology 2008, 46(2):409-420.

14. Butt MS, Sultan MT: Ginger and its health claims: molecular aspects. Critical reviews in food science and nutrition 2011, 51(5):383-393.

15. Al Hroob AM, Abukhalil MH, Alghonmeen RD, Mahmoud AM: Ginger alleviates hyperglycemia-induced oxidative stress, in�ammation and
apoptosis and protects rats against diabetic nephropathy. Biomedicine & Pharmacotherapy 2018, 106:381-389.

1�. Hanna ET, Aniess W, Khalil AF, Abdalla ES, Hassanin EA, Nagib EW: The effect of ginger and thyme on some biochemical parameters in
diabetic rats. IOSR J Pharm Biol Sci 2014, 9(3):54-61.

17. Elshater A-EA, Salman M, Moussa M: Effect of ginger extract consumption on levels of blood glucose, lipid pro�le and kidney functions in
alloxan induced-diabetic rats. Egyptian Academic Journal of Biological Sciences A, Entomology 2009, 2(1):153-162.

1�. Elkott AF, El-Sayed S, Abdel-Aziz AM: The effects of Ginger (Zingiber o�cinale) on histology and immunohistochemistry of liver and kidney
and certain haematological parameters in Alloxan-induced Diabetic rats. Egypt J Exp Biol(zool) 2010, 6(1):61-70.

19. Kadah M: Protective Effect of cinnamon, clove and ginger spicces or their essential oils on oxidative stress of streptozotocin-induced
diabetic rats. 2019.

20. Hassan DR: Antioxidative and Kidney Protective Effects of Ginger (Zingiber O�cinale) in Hyperglycemic Male Rats.

21. Abd Elwahab AH, Ali FI: MITIGATION OF ALLOXANE-INDUCED RENAL DAMAGE BY ZINGIBER OFFICINALE (GINGER) ROOT IN RATS: AN
IMPACT ON OXIDATIVE STRESS, INFLAMMATORY CYTOKINES AND TISSUE DAMAGE.

22. Yassin S, Mahran KMA, El-Baky AAA, Soliman AM: Modulatory Effects (Anti-diabetic and Anti-oxidant) of Ginger, Garlic, and their Mix on
Streptozotocin Nicotinamide Induced Diabetic Rats. Journal by Innovative Scienti�c Information & Services Network 2019.

23. AM T, EM T, Abdelkareem E, Azouz T: Evaluation of pharmacodynamics of ginger (Zingiber o�cinale) compared with gliclazide in diabetic
rats. Systematic Reviews in Pharmacy 2020, 11(11):970-974.

24. Rehman MU, Rashid SM, Rasool S, Shakeel S, Ahmad B, Ahmad SB, Madkhali H, Ganaie MA, Majid S, Bhat SA: Zingerone (4-(4-hydroxy-3-
methylphenyl) butan-2-one) ameliorates renal function via controlling oxidative burst and in�ammation in experimental diabetic
nephropathy. Archives of physiology and biochemistry 2019, 125(3):201-209.

25. Shanmugam K, Ramakrishana C, Mallikarjuna K, Reddy KS: The impact of ginger on kidney carbohydrate metabolic pro�les in STZ induced
diabetic rats. Asian J Exp Sci 2009, 23(1):127-134.

2�. Ramudu SK, Korivi M, Kesireddy N, Lee L-C, Cheng I-S, Kuo C-H, Kesireddy SR: Nephro-protective effects of a ginger extract on cytosolic and
mitochondrial enzymes against streptozotocin (STZ)-induced diabetic complications in rats. Chin J Physiol 2011, 54(2):79-86.

27. Ramudu SK, Mallikarjuna K, Kesireddy SR: E�cacy of ethanolic extract of ginger on kidney lipid metabolic pro�les in diabetic rats.
International Journal of Diabetes in Developing Countries 2011, 31(2):97-103.

2�. Shanmugam KR, Mallikarjuna K, Nishanth K, Kuo CH, Reddy KS: Protective effect of dietary ginger on antioxidant enzymes and oxidative
damage in experimental diabetic rat tissues. Food Chemistry 2011, 124(4):1436-1442.

29. Jiyil M, Luka C, Mafuyai C, Pamela N: Effect of Aqueous Extract of Zingiber o�cinale (Ginger) on Some Biochemical Parameters in
Streptozotocin-induced Diabetes Rats. Asian Journal of Research in Medical and Pharmaceutical Sciences 2019:1-8.

30. Kumari P, Choudhary SK, Ghosh A, Kumar A, Ali M, Kumar R: COMPARATIVE NEPHROPROTECTIVE EFFECT OF CINNAMOMUM CASSIA AND
ZINGIBER OFFICINALE ON DIABETIC MICE. 2020.

31. M J, CS P, S V: ANTIDIABETIC, HYPOLIPIDEMIC, ANDHISTOPATHOLOGICAL ANALYSIS OF ZINGERONE IN STREPTOZOTOCIN-INDUCED
DIABETIC RATS. ASIAN JOURNAL OF PHARMACEUTICAL AND CLINICAL RESEARCH 2016, 9(3).

32. Abdulsalam K, Alkalifa A: Effect of Ginger and its Extract on Blood Sugar and on Kidney Function of Type I Diabetic Rats. Middle East
Journal of Family Medicine 2016, 7(10):12.

33. Al-Attar AM, Zari TA: Modulatory effects of ginger and clove oils on physiological responses in streptozotocin-induced diabetic rats. Int J
Pharmacol 2007, 3:34-40.

34. SANGI SMA: EFFECTS OF Nigella sativa, Zingiber o�cinale, Cinnamomum zeylanicum ON SERUM LIPID PROFILE, GLUCOSE, WEIGHT, AND
KIDNEY FUNCTION TESTS IN THE ANIMAL MODEL OF STZ INDUCED DIABETES MELLITUS IN MALE RATS.

35. Sangi S, Elwahab M: Experimental evaluations of the nephroprotective properties of ginger (Zingiber o�cinale), Cinnamomum verum and
Nigella sativa in STZ induced diabetic rats. International Journal of Biology, Pharmacy and Allied Sciences 2017, 6(6):1195-1209.

3�. Almatroodi SA, Alnuqaydan AM, Babiker AY, Almogbel MA, Khan AA, Husain Rahmani A: 6-Gingerol, a Bioactive Compound of Ginger
Attenuates Renal Damage in Streptozotocin-Induced Diabetic Rats by Regulating the Oxidative Stress and In�ammation. Pharmaceutics



Page 15/19

2021, 13(3):317.

37. Al Malki WH, Abdel-Raheem IT, Dawoud MZ, Abdou RF: 6-shogaol protects against diabetic nephropathy and cardiomyopathy via
modulation of oxidative stress/NF-κB pathway. Pakistan journal of pharmaceutical sciences 2018.

3�. Hajhosieni L, Rostami FF, Khaki A: Bio�avonoids Effects of Ginger on Glomerular Podocyte Apoptosis in Streptozotocin-Induced Diabetic
Rat. Crescent Journal of Medical and Biological Sciences 2014, 1(2):42-45.

39. Khaki A, Khaki A, Ahmadi-Ashtiani H, Rastegar H, Rezazadeh S, Babazadeh D, Zahedi A, Ghanbari Z: Treatment effects of ginger rhizome &
extract of carrot seed on diabetic nephropathy in rat. 80-75:(33)1 ,2010     .

40. Afshari AT, Shirpoor A, Farshid A, Saadatian R, Rasmi Y, Saboory E, Ilkhanizadeh B, Allameh A: The effect of ginger on diabetic nephropathy,
plasma antioxidant capacity and lipid peroxidation in rats. Food chemistry 2007, 101(1):148-153.

41. Payami S-A, Babaahmadi-Rezaei H, Ghaffari M-A, Mansouri E, Mohammadzadeh G: Hydroalcoholic Extract of Zingiber o�cinale Improves
STZ-Induced Diabetic Nephropathy in Rats by Reduction of NF-κB Activation. Jundishapur Journal of Natural Pharmaceutical Products
2019, 14(2).

42. Al-Amin ZM, Thomson M, Al-Qattan KK, Peltonen-Shalaby R, Ali M: Anti-diabetic and hypolipidaemic properties of ginger (Zingiber o�cinale)
in streptozotocin-induced diabetic rats. British journal of nutrition 2006, 96(4):660-666.

43. thomson M, Qattan kkA, Divya JS, Ali M: ameliorative action of garlic (Allium sativum) and ginger (zingiber o�cinale) on biomarkers of
diabetes and diabetic nephropathy in rats: comparison to aspirin. international Journal of pharmacology 2013.

44. Al‐Qattan KK, Thomson M, Alnaqeeb M, Ali M: Garlic and Ginger Attenuate Structural Nephropathy Progression in Diabetic Rats. In.: Wiley
Online Library; 2007.

45. Irshad F, Toor RS, Hussain M: DIABETIC NEPHROPATHY; EFFECTS OF GINGER EXTRACT ON SERUM CREATININE AND PAIRED KIDNEY
WEIGHT IN ALLOXAN INDUCED DIABETIC NEPHROPATHY OF ALBINO RATS. Professional Medical Journal 2018, 25(7).

4�. Irshad F, Munawar S, Rasheed A: Effects Of Ginger Extract On Glomerular Mesangial Matrix Of Kidneys In Alloxan Induced Diabetic
Nephropathy Of Albino Rats. Journal of Bahria University Medical and Dental College 2018, 8(2):87-91.

47. Kazeem MI, Akanji MA, Yakubu MT: Amelioration of pancreatic and renal derangements in streptozotocin-induced diabetic rats by
polyphenol extracts of Ginger (Zingiber o�cinale) rhizome. Pathophysiology 2015, 22(4):203-209.

4�. Eleazu C, Iroaganachi M, Okafor P, Ijeh I, Eleazu K: Ameliorative potentials of ginger (Z. o�cinale Roscoe) on relative organ weights in
streptozotocin induced diabetic rats. International journal of biomedical science: IJBS 2013, 9(2):82.

49. Xu Y, Bai L, Chen X, Li Y, Qin Y, Meng X, Zhang Q: 6-Shogaol ameliorates diabetic nephropathy through anti-in�ammatory, hyperlipidemic,
anti-oxidative activity in db/db mice. Biomedicine & Pharmacotherapy 2018, 97:633-641.

50. Cui Y, Shi Y, Bao Y, Wang S, Hua Q, Liu Y: Zingerone attenuates diabetic nephropathy through inhibition of nicotinamide adenine
dinucleotide phosphate oxidase 4. Biomedicine & Pharmacotherapy 2018, 99:422-430.

51. Yi J-K, Ryoo Z-Y, Ha J-J, Oh D-Y, Kim M-O, Kim S-H: Bene�cial effects of 6-shogaol on hyperglycemia, islet morphology and apoptosis in
some tissues of streptozotocin-induced diabetic mice. Diabetology & metabolic syndrome 2019, 11(1):1-13.

52. Al-Qudah MM, Al-Ramamneh MA, Al-Abbadi A, Al-Salt J: The Histological Effect of Aqueous Ginger Extract on Kidneys and Lungs of
Diabetic Rats. International Journal of Biology 2018, 10(4).

53. Ghudhaib KK: Evaluation of Ginger Rhizomes Extract Effect on Glucose Level, Lipid Pro�le and Liver Function in Induced Alloxan Diabetic
Mice. RESEARCH JOURNAL OF PHARMACEUTICAL BIOLOGICAL AND CHEMICAL SCIENCES 2018, 9(3):435-441.

54. Abdulrazaq NB, Cho MM, Win NN, Zaman R, Rahman MT: Bene�cial effects of ginger (Zingiber o�cinale) on carbohydrate metabolism in
streptozotocin-induced diabetic rats. British Journal of Nutrition 2012, 108(7):1194-1201.

55. Korivi M: Nephro-protective effects of a ginger extract on cytosolic and mitochondrial enzymes against streptozotocin (STZ. Chinese
Journal of Physiology 2011, 54(2):79-86.

5�. Irshad F, Ali U, Saleem S: Effects of ginger solvent in alloxan induced diabetic nephropathy in rats. Pak J Med Health Sci 2018, 12(2):768-
771.

57. Khaki A, Khaki A, Ahmadi-Ashtiani H, Rastegar H, Rezazadeh S, Babazadeh D, Zahedi A, Ghanbari Z: Treatment effects of ginger rhizome &
extract of carrot seed on diabetic nephropathy in rat. Journal of Medicinal Plants 2010, 9(33):75-80.

5�. Puigserver P, Rhee J, Donovan J, Walkey CJ, Yoon JC, Oriente F, Kitamura Y, Altomonte J, Dong H, Accili D: Insulin-regulated hepatic
gluconeogenesis through FOXO1–PGC-1α interaction. Nature 2003, 423(6939):550-555.

59. Mozaffari-Khosravi H, Talaei B, Jalali B-A, Najarzadeh A, Mozayan MR: The effect of ginger powder supplementation on insulin resistance
and glycemic indices in patients with type 2 diabetes: a randomized, double-blind, placebo-controlled trial. Complementary therapies in
medicine 2014, 22(1):9-16.

�0. Khandouzi N, Shidfar F, Rajab A, Rahideh T, Hosseini P, Taheri MM: The effects of ginger on fasting blood sugar, hemoglobin A1c,
apolipoprotein B, apolipoprotein AI and malondialdehyde in type 2 diabetic patients. Iranian journal of pharmaceutical research: IJPR 2015,



Page 16/19

14(1):131.

�1. Li Y, Tran VH, Duke CC, Roufogalis BD: Gingerols of Zingiber o�cinale enhance glucose uptake by increasing cell surface GLUT4 in cultured
L6 myotubes. Planta medica 2012, 78(14):1549-1555.

�2. Wang J, Ke W, Bao R, Hu X, Chen F: Bene�cial effects of ginger Zingiber o�cinale Roscoe on obesity and metabolic syndrome: a review.
Annals of the New York academy of sciences 2017, 1398(1):83-98.

�3. Deng X, Zhang S, Wu J, Sun X, Shen Z, Dong J, Huang J: Promotion of mitochondrial biogenesis via activation of AMPK‐PGC1  signaling
pathway by Ginger (Zingiber o�cinale Roscoe) extract, and its major active component 6‐Gingerol. Journal of food science 2019,
84(8):2101-2111.

�4. Son MJ, Miura Y, Yagasaki K: Mechanisms for antidiabetic effect of gingerol in cultured cells and obese diabetic model mice.
Cytotechnology 2015, 67(4):641-652.

�5. Jitraknatee J, Ruengorn C, Nochaiwong S: Prevalence and risk factors of chronic kidney disease among type 2 diabetes patients: a cross-
sectional study in primary care practice. Scienti�c reports 2020, 10(1):1-10.

��. Kawanami D, Matoba K, Utsunomiya K: Dyslipidemia in diabetic nephropathy. Renal Replacement Therapy 2016, 2(1):1-9.

�7. Pourmasoumi M, Hadi A, Ra�e N, Najafgholizadeh A, Mohammadi H, Rouhani MH: The effect of ginger supplementation on lipid pro�le: A
systematic review and meta-analysis of clinical trials. Phytomedicine 2018, 43:28-36.

��. Zhu J, Chen H, Song Z, Wang X, Sun Z: Effects of ginger (Zingiber o�cinale Roscoe) on type 2 diabetes mellitus and components of the
metabolic syndrome: A systematic review and meta-analysis of randomized controlled trials. Evidence-based complementary and
alternative medicine 2018, 2018.

�9. Lim AK, Tesch GH: In�ammation in diabetic nephropathy. Mediators of in�ammation 2012, 2012.

70. Vasavada N, Agarwal R: Role of oxidative stress in diabetic nephropathy. Advances in chronic kidney disease 2005, 12(2):146-154.

71. Jalali M, Mahmoodi M, Moosavian SP, Jalali R, Ferns G, Mosallanezhad A, Imanieh MH, Mosallanezhad Z: The effects of ginger
supplementation on markers of in�ammatory and oxidative stress: A systematic review and meta‐analysis of clinical trials. Phytotherapy
Research 2020, 34(8):1723-1733.

72. Hamed MA, Ali SA, Saba El-Rigal N: Therapeutic potential of ginger against renal injury induced by carbon tetrachloride in rats. The
scienti�c world journal 2012, 2012.

73. Sampath C, Rashid MR, Sang S, Ahmedna M: Speci�c bioactive compounds in ginger and apple alleviate hyperglycemia in mice with high
fat diet-induced obesity via Nrf2 mediated pathway. Food Chemistry 2017, 226:79-88.

74. Lee T-Y, Lee K-C, Chen S-Y, Chang H-H: 6-Gingerol inhibits ROS and iNOS through the suppression of PKC-α and NF-κB pathways in
lipopolysaccharide-stimulated mouse macrophages. Biochemical and biophysical research communications 2009, 382(1):134-139.

75. Saraswat M, Suryanarayana P, Reddy PY, Patil MA, Balakrishna N, Reddy GB: Antiglycating potential of Zingiber o�cinalis and delay of
diabetic cataract in rats. Molecular Vision 2010, 16:1525.

7�. Hussein MAA: The effect of ginger (Zingibar o�cinale) aqueous extract on some biochemical parameters and kidney function in male mice.
Sc Kufa Med Journal 2012, 15(1).

Figures



Page 17/19

Figure 1

Flowchart of the process for literature review and study selection

Figure 2

Results of the SYRCLE’s tool assessing the risk of bias.
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Figure 3

the possible effect of zingiber o�cinale on reduced gluconeogenesis and lipogenesis in the hepatocyte cell. Through the AMPK pathway, ginger
reduces hepatic cholesterol production and lowers blood sugar levels.

Figure 4

Possible effect of ginger on insulin sensivity in skeletal muscle cell. Ginger increases the expression of the GLUT4 gene and the translocation of
GLUT4 to the plasma membrane of muscle cells via the AMPK pathway, which leads to enhanced glucose uptake.
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Figure 5

Schematic representation of possible mechanisms of the effect of ginger on oxidative stress


