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Background and aim: Ginkgo biloba (GKB) extract has shown to be beneficial in experimental 

models of metabolic and inflammatory disorders such as diabetes and metabolic syndrome 

(MTS). The objective of this pilot clinical study was to evaluate the effects of GKB extract as 

an “add-on” treatment with metformin (Met) in MTS patients.

Patients and methods: We performed a randomized, placebo-controlled, double-blinded 

clinical study in subjects with MTS. Forty patients completed the 90-day clinical trial and 

were randomly allocated to administer either GKB extract (120 mg capsule/day) or placebo 

(120 mg starch/day) as an add-on treatment with their currently used doses of Met for 90 days. 

During the study, body mass index (BMI), waist circumference (WC), serum leptin, glycated 

hemoglobin (HbA1c), fasting serum glucose (FSG), insulin, insulin resistance (IR), visceral 

adiposity index (VAI), lipid profile, and the inflammatory markers high sensitive C-reactive 

protein (hsCRP), tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6) were evaluated.

Results: GKB extract significantly decreases HbA1c, FSG and insulin levels, IR, BMI, WC, 

VAI, serum leptin, and the inflammatory markers compared to baseline values. Simultaneously, 

GKB did not negatively affect the functions of the liver, kidney, and hematopoietic system.

Conclusion: The use of GKB extract as an adjuvant with Met was effective in improving the 

outcome of patients with MTS.

Keywords: Ginkgo biloba, metabolic syndrome, metformin, adiposity, insulin resistance, 

inflammation

Introduction
Metabolic syndrome (MTS) is defined as a clustering of different metabolic disturbances 

such as glucose intolerance, dyslipidemia, abdominal obesity, and hypertension, with 

increased incidence in various communities worldwide.1 Although the pathogenesis 

of MTS is multifactorial and inadequately defined, chronic inflammation and insulin 

resistance (IR) are well characterized and potentially involved.2,3 During the course 

of MTS, the disturbed adipose tissue functions predisposes to excessive production of 

many proinflammatory cytokines such as interleukin-1β (IL-1β), interleukin-6 (IL-6), 

and tumor necrosis factor-α (TNF-α) and mostly associated with the exaggerated state 

of oxidative stress.4 This systematically initiated inflammatory events that may increase 

the risk of developing cardiovascular disorders.5 Despite the availability of many treat-

ment approaches for MTS, it remains a hard public health concern. Currently, there are 

many pharmacological options available to manage the disorders associated with MTS, 

including metformin (Met) and other insulin sensitizers; however, their chronic use 

may be accompanied with various adverse effects such as lactic acidosis and vitamin 
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 deficiency.6 The use of plant-derived pharmacologically 

active agents as nutraceuticals has been dramatically accepted 

in clinical practice over the past few decades. Accordingly, 

there is a need for new pharmacologically active agents, 

based on medicinal plants, for the treatment of MTS-asso-

ciated disorders, with Ginkgo biloba L. (GKB) extract being 

a potential alternative. GKB leaves’ extracts are commonly 

used since ancient times as dietary supplements7 and found 

effective to improve cognitive functions and enhancement 

of memory in patients with central nervous system disorders 

including Alzheimer’s disease.8 These claims are not sup-

ported by strong evidence from randomized clinical trials. 

The total GKB extract contains various biologically active 

components, including terpene trilactones and flavonols,9 and 

the therapeutic benefits are thought to be the combined effects 

of the whole components of the extract.10 The standardized 

GKB leaf extract, EGb 761, is widely prescribed in many 

countries as an adjuvant in the treatment of arteriosclerosis, 

thrombus formation, ischemic heart disease, dementia, and 

the prevention of diabetes mellitus.11,12 The contents of the 

extract also have antioxidant activities and act as free radi-

cal scavengers.13,14 Moreover, GKB extract has been proved 

to decrease diastolic pressure in patients with essential 

hypertension15 and improve visual function in patients with 

normal tension glaucoma.16 Dietary supplements containing 

GKB extract are found to be safe and only produce minor 

adverse effects such as headache, constipation, stomach 

upset, dizziness, and a mild allergic response.17 Collectively, 

the previous findings highly suggest that GKB extract may 

be an effective choice for the management of metabolic 

disorders in MTS. In the present study, we evaluated the 

efficacy and safety of standardized GKB extract, as an add-on 

treatment to Met in patients with MTS.

Patients and methods
Study design
We performed a prospective, randomized, double-blinded 

placebo controlled pilot clinical study between December 2016 

and October 2017 at the Center of Diabetes and Endocrinol-

ogy, Directory of Health, Sulaimani. The enrolled patients 

were randomly allocated (2:2 bases) to the Met + placebo 

treatment group (control group) and the Met + GKB group. 

The Met + GKB group received 120 mg/day GKB extract 

(EGb 761; Apollo Healthcare Resources, West Coast Vista, 

Singapore) capsules once daily in addition to their currently 

used Met (Merck Santé SAS, Lyon, France), while the Met + 

placebo group received 120 mg/day placebo formula with Met 

doses. Both the patients and the evaluators were unaware of 

the treatment assignment. The study protocol was approved 

by the Clinical Research Ethics Committee of the College of 

Medicine, University of Sulaimani (certificate no 507/1024), in 

accordance with the Declaration of Helsinki revised in 2000.

Participants
Ninety patients with MTS were initially screened for eligi-

bility. Only sixty patients were included in the study. Patients 

were enrolled when they fulfill the diagnostic criteria for 

MTS according to the International Diabetes Federation 

(IDF), American Heart Association/National Heart, Lung, 

and Blood Institute (AHA/NHLBI), and the International 

Atherosclerosis Society definitions (elevated waist circumfer-

ence [WC] $80 cm; elevated TG $150 mg/dL; reduced high-

density lipoprotein cholesterol [HDL-c] ,40 mg/dL; elevated 

blood pressure systolic $130 and/or diastolic $85 mmHg, 

and elevated fasting glucose $100 mg/dL).18 According to 

the inclusion criteria, patients of both sex with an age range of 

25–65 years, diagnosed as having MTS for not ,1 year and 

their glycemic status was uncontrolled by the prescribed dose 

of Met therapy alone. The exclusion criteria include patients 

with type 1 diabetes mellitus (T1DM), pregnancy, ischemic 

heart disease, cardiac arrhythmias, glucose-6-phosphate 

dehydrogenase (G6PD) deficiency, bleeding disorders, 

seizures, and known hypersensitivity to any component of 

the trial drugs (GKB extract, Met, or placebo). Moreover, 

patients on supplements that contain multivitamins and 

polyphenols were also excluded. All patients declare their 

acceptance to participate in the study and signed informed 

consent. Only 40 patients completed the 90-day treat-

ment program (Figure 1), and their data were presented in 

the study.

intervention
We designed a 90-day treatment protocol in which each 

patient in the Met + GKB group (30 patients) administered 

orally 120 mg/day of GKB extract as add-on drug to the 

currently used Met dose (Table 1), while each patient in the 

Met + placebo group (30 patients) administered 120 mg/day 

of a placebo formula with the Met dose. The enrolled patients 

were advised to visit the Diabetes Center on 2-week bases 

for clinical assessment and to receive the drug doses enough 

for the next 2 weeks to ensure compliance with the study 

protocol. During treatment follow-up period, the patients 

were advised not to use medications that interfere with the 

study protocol. Moreover, they were also advised to maintain 

their lifestyle, exercise, and restricted dietary habits that they 

followed during their daily lives.
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anthropometric outcomes
Anthropometric measures were evaluated by two assistants 

at baseline and after 90 days at the end of the treatment. 

Height and weight were measured by an electronic scale and 

a wall-mounted stadiometer. WC was measured by a tape 

measure. Each measurement was taken twice, and the average 

values were recorded. In addition, the body mass index (BMI) 

and visceral adiposity index (VAI) were calculated according 

to the following formula: BMI = weight (kg)/height2 (m2), 

female VAI = (WC/36.58 + [1.89 × BMI]) × (TG/0.81) ×  
(1.52/high-density lipoprotein [HDL]), male VAI = 

(WC/39.68 + [1.88 × BMI]) × (TG/1.03) × (1.31/HDL).19

Biochemical and hematological tests
After 12 h fasting, a blood sample was obtained by venipunc-

ture from each patient at baseline and after initiation of the 

90-day treatment with GKB extract. Approximately 2.0 mL 

of the blood was drawn into ethylenediaminetetraacetic acid 

tubes and used for the determination of glycated hemoglobin 

(HbA1c) using a ready-made kit (Hoffman-La Roche Ltd., 

Basel, Switzerland) according to the manufacturer’s instruc-

tions; meanwhile, hemoglobin (Hb) content, hematocrit, red 

blood cell, white blood cell, and platelet counts were measured 

using the hematology analyzer (Spincell 3; Spinreact SAU, 

Girona, Spain). The remaining blood (8.0 mL) was kept into 

plain tubes and allowed to clot before centrifuging at 300× g 

for 20 min to obtain the serum. The serum was either analyzed 

immediately or kept frozen at −20°C for later use. The fasting 

serum glucose (FSG), lipid profile (triglyceride [TG], total 

cholesterol [TC], low-density lipoprotein cholesterol [LDL-c], 

and HDL-c), urea and creatinine levels, and the liver function 

Figure 1 Flowchart displaying the participant’s screening, randomization, and treatment.
Abbreviations: MTS, metabolic syndrome; GKB, Ginkgo biloba.

Table 1 Baseline characteristics of the randomly allocated MTS 
patients

Parameters Met + placebo 
(n=18)

Met + GKB 
(n=22)

P-value

Age (years) 47.3±10.8 50.7±7.8 0.25
Male, n (%) 2 (11) 6 (27) 0.54
Weight (kg) 79.8±14.6 88.5±14.6 0.07
BMi (kg/m2) 34.2±5.6 36.3±4.9 0.22
WC (cm) 102.7±7.6 109.9±8.0 0.07
Vai 203.8±59.4 237.7±81.2 0.15
insulin resistance 15.1±2.5 16.7±4.1 0.16
MTS duration (years) 3.8±2.1 3.3±2.0 0.35
Metformin therapy

Duration of use (months) 40.1±30.7 30.6±22.7 0.27
Daily dose (g) 1.1±0.5 1.3±0.3 0.37

Biochemical markers
HbA1c (%) 7.2±0.8 7.5±0.8 0.41
FSG (mg/dL) 130.9±24.3 147.0±24.2 0.05
serum insulin (μU/mL) 22.9±12.2 21.2±8.2 0.61
TG (mg/dL) 157.3±87.1 175.3±85.3 0.39
TC (mg/dL) 185.7±53.2 182.7±34.2 0.83
HDL (mg/dL) 41.8±6.5 39.8±6.3 0.33
LDL (mg/dL) 139.1±32.2 144.5±29.2 0.58

Notes: Values are mean ± SD. GKB: 120 mg GKB extract.
Abbreviations: BMI, body mass index; FSG, fasting blood glucose; GKB, Ginkgo 
biloba; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; Met, metformin; MTS, metabolic syndrome; TC, total cholesterol; 
TG, triglyceride; VAI, visceral adiposity index; WC, waist circumference.
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indicators aspartate transaminase, alanine aminotransferase, 

and alkaline phosphatase activities were determined colori-

metrically using ready-made kits (Randox, London, UK) 

according to the manufacturer’s instructions. The serum 

insulin content was measured using an immunoassay method 

(Roche-Cobas e 411; Hoffman-La Roche Ltd.). Moreover, 

the changes from baseline in the serum concentrations of 

the inflammatory markers high sensitive C-reactive protein 

(hsCRP), IL-6, and TNF-α were evaluated using an enzyme-

linked immunosorbent assay kit (Elabscience, Houston, TX, 

USA) according to the manufacturer’s instructions.

Statistical analysis
The statistical analysis was performed using the GraphPad 

Prism 5.1 software (GraphPad Software, Inc., La Jolla, CA, 

USA). Descriptive statistics was utilized to compare the 

patient’s characteristics between the two groups. Paired t-test 

was utilized to evaluate the difference between pretreatment 

mean and post-treatment mean of the same group. Unpaired 

t-test was utilized to evaluate the differences between post-

treatment mean of the different groups. Two-way analysis of 

variance, supported by Bonferroni’s post hoc analysis, and 

analysis of covariance were used to determine the difference 

between mean of independent samples at P-value ,0.05.

Results
The baseline characteristics for the enrolled MTS patients 

are shown in Table 1. There were no significant differences 

(P.0.05) between the parameters between the groups. 

Adjunct treatment with GKB extract with Met was well 

tolerated, and none of the included patients had adverse 

effects that necessitate withdrawal from the study. No safety 

parameters (liver, kidney, and hematopoietic functions) 

changed significantly during the treatment period compared 

with placebo. Glycemic status measurements revealed a 

significant decrease (P=0.002) in the FSG levels following 

90 days of adjuvant GKB extract use with Met compared 

to the levels observed at baseline (Table 2). Moreover, 

a highly significant (P=0.001) decrease in HbA1c was 

observed following 90 days of GKB extract supplementa-

tion as add-on treatment with Met (Table 2). Furthermore, 

reductions in insulin concentration were significantly 

greater in the GKB-treated group than in the placebo group 

(P,0.001). Additionally, the decrease in IR between 

groups was significantly different (P=0.003) (Table 2). 

Table 3 demonstrates the changes in body weight and adi-

posity markers of MTS patients, where treatment with GKB 

extract and Met decreased the BMI significantly (P,0.001) 

after 90 days compared with baseline value (33.9±5.1 vs 

36.3±4.9 kg/m2). Meanwhile, BMI value of the placebo 

group was not significantly modified after 90 days of treat-

ment (P=0.07). Moreover, GKB-treated patients showed 

significantly lower (P,0.001) WC after 90 days compared 

with baseline (106.7±7.0 vs 109.9±8.0 cm). Meanwhile, 

WC was significantly increased after 90 days in patients 

treated with placebo and Met compared to the baseline value 

(105.1±8.4 vs 102.7±7.6; P=0.008). Regarding the effect of 

GKB treatment on the VAI, it was significantly decreased 

after 90 days compared with baseline value (182.6±74.7 vs 

237.7±81.2; P=0.002), while no significant changes reported 

in the placebo group at the end of treatment (210.8±48.6 vs 

baseline 203.8±59.4; P=0.5). Additionally, the influence of 

GKB, as add-on treatment with Met, on serum leptin levels 

is demonstrated in Table 3. The GKB extract significantly 

decreased serum leptin levels after 90 days compared with 

baseline value (4.7±0.6 vs 8.3±1.1 ng/mL; P,0.001), and 

this change was found to be significantly different (P,0.001) 

from that of the placebo group at the end of the period of 

treatment. Serum leptin levels in the placebo group did not 

Table 2 Glycemic control markers of metabolic syndrome 
patients maintained on Met and treated with GKB extract

Parameters Met + placebo  
(n=18)

Met + GKB  
(n=22)

Baseline 90 days Baseline 90 days

FSG (mg/dL) 130.9±24.3 147.7±45.8 147.0±24.2 129.1±16.1*
HbA1c (%) 7.2±0.8 7.4±0.7 7.5±0.8 6.9±0.7*
serum insulin 
(μU/mL)

22.9±27.0a 22.4±9.7a 21.2±8.2a 11.8±5.4*,b

insulin resistance 15.1±2.5a 17.5±4.8*,b 16.7±4.1a 13.6±2.9*,c

Notes: Values were mean ± SD. Values with nonidentical superscripts (a, b, and c) 
among groups were significantly different (ANOVA, P,0.05). GKB, 120 mg GKB 
extract. *Significantly different from baseline in each group (paired t-test, P,0.05).
Abbreviations: FSG, fasting serum glucose; GKB, Ginkgo biloba; HbA1c, glycated 
hemoglobin; ANOVA, analysis of variance; Met, metformin.

Table 3 Changes in body weight and adiposity markers of 
metabolic syndrome patients maintained on Met and treated with 
GKB extract

Parameters Met + placebo 
(n=18)

Met + GKB 
(n=22)

Baseline 90 days Baseline 90 days

BMi (kg/m2) 34.2±5.6 33.7±5.7 36.3±4.9 33.9±5.1*
WC (cm) 102.7±7.6 105.1±8.4* 109.9±8.0 106.7±7.0*

Vai 203.8±59.4 210.8±48.6 237.7±81.2 182.6±74.7*
Serum leptin (ng/mL) 7.9±1.7a 6.7±2.1a 8.3±1.1a 4.7±0.6*,b

Notes: Values are mean ± SD. GKB, 120 mg GKB extract. Values with nonidentical 
superscripts (a and b) among groups are significantly different (ANOVA, P,0.05). 
*Significantly different from baseline in each group (paired t-test, P,0.05).
Abbreviations: ANOVA, analysis of variance; BMI, body mass index; GKB, Ginkgo 
biloba; Met, metformin; VAI, visceral adiposity index; WC, waist circumference.
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change significantly after 90 days of treatment (6.7±2.1 vs 

7.9±1.7 ng/mL; P=0.51). The main reported changes in the 

lipid profile during the trial following treatment with GKB 

extract are shown in Table 4. In the GKB-treated group, 

compared with the baseline level, we reported a significant 

decrease in TC (167.8±31.6 vs 182.7±34.2, P=0.01), LDL-c 

(128.0±28.6 vs 144.5±29.2, P=0.02), and HDL-c (46.5±8.9 

vs 39.8±6.3, P,0.001), while no significant changes 

(P.0.05) were reported in TG levels. In the placebo-treated 

group, compared with the baseline level, we did not report 

significant changes in lipid profile. In comparing the adju-

vant use of GKB extract with that of placebo with Met on 

the lipid profile, they did not demonstrate significant differ-

ences at the end of the treatment, even when GKB produced 

significant changes. Serum concentrations of hsCRP, TNF-α, 

and IL-6 were not significantly affected by the adjuvant 

use of placebo with Met after 90 days compared with base-

line values (Table 5). However, supplementation of GKB 

extract with Met showed a significant decrease in serum 

concentrations of hsCRP (6.2±4.2 vs 7.8±5.0 mg/L), TNF-α 

(56.5±34.8 vs 107.6±41.9 pg/mL), and IL-6 (19.8±12.1 vs 

31.3±20.5 pg/mL) compared with baseline values. Mean-

while, serum TNF-α was found to be significantly lower 

(P,0.001) than that reported in the placebo-treated group 

at the end of treatment period (Table 5). All the biochemical 

analyses regarding the liver and kidney functions indicated no 

alteration of values after 90 days of GKB treatment (Table 6), 

except serum ALP and urea where significant decreases 

were reported in the GKB-treated group compared with 

baseline values (P=0.01). However, serum creatinine levels 

were significantly elevated compared with baseline values 

in the placebo-treated group (0.73±0.1 vs 0.64±0.1 mg/dL; 

P=0.008). Table 7 reveals significant increases (P,0.05) in 

Hb concentration, Hct, and RBC count in the GKB-treated 

patients after 90 days compared with baseline values. Mean-

while, placebo treatment did not affect the values of these 

parameters. The WBC count was not significantly changed 

in both GKB and placebo groups after 90 days. However, 

the platelet count was significantly lower (P=0.002) in the 

placebo-treated group (Table 7). Other safety measurements, 

including blood pressure, ECG monitoring, and other vital 

signs were regularly monitored and the baseline values are 

not remarkably changed during and at the end of the study.

Table 4 Changes in the lipid profile of metabolic syndrome 
patients maintained on Met and treated with GKB extract

Parameters Met + placebo  
(n=18)

Met + GKB  
(n=22)

Baseline 90 days Baseline 90 days

TG (mg/dL) 151.3±87.1 159.9±67.6 175.3±85.3 161.9±73.5
TC (mg/dL) 185.7±53.2 193.7±36.6 182.7±34.2 167.8±31.6*
LDL (mg/dL) 139.1±32.2 143.9±32.1 144.5±29.2 128.0±28.6*
HDL (mg/dL) 41.8±6.5 41.3±5.7 39.8±6.3 46.5±8.9*

Notes: Values are mean ± SD. GKB, 120 mg GKB extract. *Significantly different 
from baseline in each group (paired t-test, P,0.05).
Abbreviations: GKB, Ginkgo biloba; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; Met, metformin; TC, total cholesterol; TG, triglyceride.

Table 5 Changes in the inflammatory markers of metabolic 
syndrome patients maintained on Met and treated with GKB 
extract

Parameters Met + placebo  
(n=18)

Met + GKB  
(n=22)

Baseline 90 days Baseline 90 days

hsCRP (mg/L) 5.9±6.2 6.0±6.1 7.8±5.0 6.2±4.2*
TnF-α (pg/mL) 117.0±57.0a 113.4±50.1a 107.6±41.9a 56.5±34.8*,b

IL-6 (pg/mL) 27.8±1.7 32.1±26.1 31.3±20.5 19.8±12.1*

Notes: Values are mean ± SD. GKB: 120 mg GKB extract. Values with nonidentical 
superscripts (a and b) among groups are significantly different (ANOVA, P,0.05). 
*Significantly different from baseline in each group (paired t-test, P,0.05).
Abbreviations: ANOVA, analysis of variance; GKB, Ginkgo biloba; hsCRP, high sensitive 
C-reactive protein; IL-6, interleukin-6; Met, metformin; TNF-α, tumor necrosis factor-α.

Table 6 Changes in the liver and kidney function markers of 
metabolic syndrome patients maintained on Met and treated with 
GKB extract

Parameters Met + placebo 
(n=18)

Met + GKB 
(n=22)

Baseline 90 days Baseline 90 days

GOT (U/L) 19.1±6.7 18.3±5.2 19.2±5.7 20.6±4.1
GPT (U/L) 18.5±7.2 17.4±5.9 17.7±5.9 17.9±4.9
ALP (U/L) 80.2±23.6 70.8±20.5 90.0±9.1 82.6±14.5*
Serum urea (mg/dL) 25.0±6.3 26.5±9.5 30.1±8.0 25.4±7.9*
Serum creatinine (mg/L) 0.64±0.1 0.73±0.1* 0.73±0.2 0.65±0.1

Notes: Values are mean ± SD. GKB, 120 mg GKB extract. *Significantly different 
from baseline in each group (paired t-test, P,0.05).
Abbreviations: ALP, alkaline phosphatase; GKB, Ginkgo biloba; GOT, glutamic–
oxaloacetic transaminase; GPT, glutamic–pyruvic transaminase; Met, metformin.

Table 7 Changes in the hematological parameters of metabolic 
syndrome patients maintained on Met and treated with GKB 
extract

Parameters Met + placebo 
(n=18)

Met + GKB 
(n=22)

Baseline 90 days Baseline 90 days

Hb (g/dL) 12.9±1.1 13.3±1.4 12.3±1.6 14.0±1.7*
Hct (%) 38.1±3.5 40.5±8.5 38.0±5.5 42.1±5.8*
RBC (×109 cells/L) 4.6±0.6 4.7±0.5 4.8±0.5 5.2±0.5*
WBC (×106 cells/L) 8.6±2.5 7.9±1.8 8.2±2.1 7.9±2.7
Platelet (×109 cells/L) 244±51 212±60* 227±47 235±57

Notes: Values are mean ± SD. GKB, 120 mg GKB extract. *Significantly different 
from baseline in each group (paired t-test, P,0.05).
Abbreviations: GKB, Ginkgo biloba; Hb, hemoglobin; Hct, hematocrit; Met, 
metformin; RBC, red blood cell; WBC, white blood cell.
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Discussion
This is the first pilot clinical study to evaluate the clinical and 

biochemical outcomes after adjunct use of GKB extract with 

Met in MTS patients. The results of this randomized double-

blind placebo-controlled study clearly demonstrated that 

GKB extract (as a single daily dose) for 90 days significantly 

improved the glycemic status, adiposity, and inflammatory 

markers (poorly controlled by Met alone) compared with 

placebo. This finding is a very interesting observation since 

GKB extract is one of the most widely consumed supple-

ments in Europe and United States. There are many previous 

reports on GKB antioxidative characteristics and benefits to 

healthy subjects,20 but we attempted to assess its effect on 

MTS patients with symptoms poorly regulated by Met alone. 

Generally, people may co-administer GKB extract with other 

prescribed medications and sometimes may even forget to 

address this issue to the primary care physicians. Moreover, 

for chronically administered medications for which clinicians 

may suggest dose adjustment, it is critical to recognize 

whether the adjunct use of GKB extract causes changes in 

patients’ responsiveness to the currently used Met. Accord-

ing to the available evidence, it has been already reported 

that co-administration of 120 mg/day of GKB extract Met 

did not significantly modify the pharmacokinetic and phar-

macodynamic properties of Met.21 In the present study, the 

major limitation was the difficulty in recruiting MTS patients 

who consume the same Met dose (as daily monotherapy). As 

the metabolic derangements progress or the patients became 

non-responsive to Met, another insulin sensitizer may be 

prescribed as combination therapy. Therefore, the included 

patients are very heterogeneous and the possibility of 

evaluating all the doses as monotherapy may be impossible. 

Accordingly, the outcome of the present study may be ranked 

as a pilot one. In the present study, treatment with GKB 

extract improved the glycemic status and insulin sensitivity 

compared with using a placebo. Additionally, it promoted a 

significant decrease in HbA1c levels. In this regard, various 

studies have shown similar effects, since GKB was capable 

to enhance response to insulin and improve glycemic control 

in type 2 diabetes mellitus patients as well as in experimental 

models of metabolic disorders of carbohydrates and lipids.22,23 

An interesting observation of the present study was that GKB 

produced a significant decrease in BMI, WC, and adiposity 

index compared with placebo. The influence on food intake, 

within the relatively short period of the study, was excluded 

since the randomized patients were advised to maintain their 

commonly followed restricted dietary habits. However, the 

decreased adiposity might be attributed to the lipolytic effects 

of GKB biflavones through inhibition of cyclic adenosine 

monophosphate–phosphodiesterase complex.24 In the present 

study, it has been reported that adjunct use of GKB extract 

with Met did not alter serum TG levels, which was in tune 

with a previous report.25 However, an interesting observation 

of GKB use reported in the present study was the signifi-

cant decrease in adiposity index, which may be involved in 

decreasing serum LDL-c and TC levels. Our finding seems 

to be in tune with those observed by Goldberg et al26 and 

Fayh et al,27 who reported a significant decrease in LDL-c, 

TC, and TG levels associated with the process of weight 

and adiposity reduction due to GKB extract consumption. 

Moreover, it has been reported that the reduction in body 

adiposity resulted in enhanced insulin sensitivity28 and the 

reduction in body adiposity observed in the GKB-treated 

patients may protect against the effects of disturbed lipid pro-

file on insulin signaling impairment. The association between 

IL-6, C-reactive protein (CRP), and IR is well characterized 

as a principal factor of comorbidity in patients with MTS.29 

Accordingly, the choice of treatment approach that targets 

these markers seems to be rational. In the current study, we 

have reported that co-administration of GKB extract with 

Met attenuates expression of the acute phase protein CRP 

and the proinflammatory cytokines TNF-α and IL-6 in MTS 

patients compared with placebo. Accordingly, our finding 

suggests that GKB extract has the ability to restore glycemic 

control and normalize lipid metabolism with a consequent 

decrease in serum levels of the proinflammatory cytokines. 

This finding was consistent with previous studies indicating 

that the administration of GKB decreased inflammation and 

expression of proinflammatory cytokines such as IL-1β, 

TNF-α, and IL-6.30,31 Regarding safety issues, the presented 

data indicate that GKB extract was well tolerated by the MTS 

patients. There is no reported incidence of adverse changes 

in hepatic, renal, and hematopoietic functions. However, 

GKB extract may significantly improve certain biomarkers 

of hepatic and renal functions. The current finding was in 

tune with those reported by others.13,32,33 In the present study, 

inadequate response to the effect of Met monotherapy was 

reported at baseline and post-treatment in placebo-added 

approach and no specific mechanism was available yet to 

explain this phenomenon; however, many observational and 

prospective trials mentioned this phenomena, some of them 

attribute it to race differences while others did not show clear 

comment.34–36 In tune with the recent advances in the man-

agement of metabolic disorders such as MTS and diabetes 

mellitus, where monotherapy is not considered as a mainstay 

approach, many alternative choices for managing metabolic 
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derangements are suggested including coadministration of 

supplements with powerful pleiotropic effects. The present 

data indicate that adjunct use of GKB extract with Met 

offers an effective and safe approach for the management of 

various metabolic abnormalities of MTS. Future studies are 

warranted to include dose–response evaluation and detailed 

assessment of the inflammatory status and cover patients 

with other comorbid conditions.

Study limitations
The current pilot study is a first attempt to reveal that 

coadministration of supplement, such as GKB extract, with 

the routinely used medication in the treatment of MTS has 

beneficial improvement effects. Although the small sample 

size might be satisfactory as a first approach, it should be 

confirmed that clinical trials with larger sample size may 

confirm or not the present data. Moreover, the limited patient 

sample did not represent the only study limitation, the limited 

number of disease markers and/or surrogates may also affect 

the quality data. However, the strength of this pilot study 

is the comprehensive approach of the biomarker profile, 

especially in the context of the expected pleiotropic nature 

of the evaluated treatment.

Conclusion
The present study showed that adjuvant use of GKB extract 

with Met improved significantly the glycemic control, 

body adiposity, lipid profile, and inflammatory processes 

in patients with MTS compared with placebo. Taking into 

consideration that most of the patients with chronic diseases 

resist complying with treatment protocols, treatment with 

GKB might be beneficial to avoid the progression of meta-

bolic derangements in those patients.
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