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Abstract
Objective: To assess the efficacy and safety of Superses-
sion Prescription and metformin combination therapy in 
treatment of overweight and obese patients with T2DM.

Methods: This study was a 13-week, open-labeled, random-
ized parallel controlled study. Patients were randomly assigned 
to the treated and control groups in a 1:1 ratio. Both groups 
were provided metformin at the dosage of 750 mg twice daily 
as the primary treatment and the Supersession Prescription 
was given to the treated group as a supplementary treatment. 
Therapeutic outcomes were divided into three parts to assess 
different aspects of the whole effectiveness of the combination 
therapy and the primary outcome was body weight.

Results: A total of 80 subjects were recruited for this study 
and 74 finally completed. After 13 weeks of treatment, the 
levels of body weight, BMI, WC, WHR, HbA1C, FPG, 2hPG, 
HOMA-IR, TG, HDL, LDL and FFA were improved in the 
treated group (P < 0.05) and changes were significantly dif-
ferent in body weight, BMI, WL, HbA1C, FPG, 2hPG, LDL 
and FFA compared with the control group (P < 0.05). No 
serious adverse event including hypoglycemia was found in 
both of the two groups.

Conclusions: Supersession Prescription could produce a 
curative effect as a supplementary medical treatment com-
bined with metformin and should be used while subjects 
could not achieve goals of weight or glucose management 
as well as were suffering from dyslipidemia.

Keywords
Obesity, Type 2 diabetes mellitus, Traditional Chinese med-
icine, Supplementary medicine

Introduction

Type 2 Diabetes (T2DM), a chronic disease charac-
terized by elevated blood glucose which dues to islet 
β-cell dysfunction and insulin resistance, is often asso-
ciated with a series of metabolic disorders such as hy-
pertension and dyslipidemia. According to the World 
Health Organization’s (WHO) latest report, the preva-
lence of diabetes has increased explosively in the last 
two decades. The number of people suffered from dia-
betes has risen from 108 million in 1980 to 422 million 
in 2014, and most are T2DM [1]. While clinical trial ev-
idence indicates that excess body weight could make a 
great contribution to the development of both diabetes 
and the associated metabolic abnormalities [2], which 
perhaps due to pathologic effects of excessive adipose 
tissue [3], an epidemiological survey data represents 
that the prevalence of overweight and obesity in peo-
ple with T2DM has been estimated to be even higher 
than 85% [4].

Individuals with T2DM could have a great increased 
risk of mortality caused from cardiovascular disease [5], 
which leads to a recommendation that the best achiev-
able glycemic control for the individual is to reduce the 
risk of microvascular and possibly macrovascular dis-
ease [6]. In the meantime, obesity, as the most modi-
fiable factor for the whole progression, itself is also a 
risk factor for cardiovascular disease [7-9]. As evidence 
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shows that even the modest intentional weight loss 
could improve cardiovascular risk factors and decrease 
mortality significantly [10,11], thus, it seems like simul-
taneous treatment of obesity and T2DM is a necessary 
procedure for obese patients with T2DM.

While lifestyle modifications can improve glycemic 
control, most patients still require a sequential addition 
of one or more medications to achieve the target. How-
ever, many glucose-lowering medications, such as sul-
fonylureas and thiazolidinediones, could lead to an in-
crease in body weight which presents a challenge to the 
patients who have already been struggling with weight 
control [12]. Fortunately, some other antihyperglycemic 
agents, such as metformin and liraglutide, have been 
shown to have neutral or even beneficial effects on 
body weight [13]. Metformin, an oral antidiabetes drug, 
is recommended as a first-line antihyperglycemic agent 
for the treatment of T2DM in the American Diabetes As-
sociation (ADA)/European Association for the Study of 
Diabetes (EASD) guidelines [13]. And furthermore, as a 
supplementary medical treatment, Traditional Chinese 
Medicine (TCM) has its unique advantages in dealing 
with these diseases.

Series of researches have been performed in recent 
years to explore different approaches to treat T2DM 
or obese patients with TCM; however, the literature 
about how to treat obese patients with T2DM by TCM 
combined with other antidiabetic agents is rare. In this 
study, we aimed to explore the effectiveness of Super-
session Prescription, an empiric prescription inherited 
from deceased famous TCM doctor Peifa Yao professor, 
and metformin combination therapy in treatment of 
overweight and obese patients with T2DM, as well as to 
find out whether it is an available approach to manage 
obesity and T2DM by TCM as a supplementary therapy.

Materials and Methods

Subjects

Individuals matching any of the following criteria 
were diagnosed as T2DM [14]: 1) The glycosylated He-
moglobin (HbA1c) ≥ 6.5%; 2) The Fasting Plasma Glucose 
(FPG) ≥ 7.0 mmol/L (126 mg/dL); 3) The 2h post-prandi-
al Plasma Glucose (2hPG) ≥ 11.1 mmol/L (200 mg/dL). 
Adult subjects with T2DM were screened and enrolled 
if they were also matching the criteria of overweight 
or obesity [15], i.e. Body Mass Index (BMI) of ≥ 25 kg/
m2, as well as were agreed to participate in this trial. 
Subjects were excluded if they had any cardiocerebral 
vascular events occurring in the last six months or com-
plicated with other severe diseases, such as malignant 
tumor, mental disorders, etc.

All patients enrolled in this study were outpatients 
from the department of internal medicine of TCM, Lon-
ghua Hospital of Shanghai University of TCM. The study 
was conducted between September 2014 and March 

2016 according to the guidelines and principles of Good 
Clinical Practices standards and the Declaration of Hel-
sinki [16]. Written informed consent was obtained from 
all subjects prior to inclusion in this trial, and patients 
were free to withdraw from the study at any time.

Interventions

This study was a 13-week, open-labeled, random-
ized parallel controlled study. Patients were randomly 
assigned to the treated and control groups in a 1:1 ra-
tio with a computer-generated randomization schedule 
emerged by SPSS 22.0.

Before treatment, all the patients underwent a drug-clear-
ing period for one week. Hypoglycemic agents including 
insulin that had been used before randomization were 
discontinued. The patients were asked to achieve a cal-
orie restriction during the whole study while the daily 
energy requirement was determined as 1500 kcal/d for 
women and 1800 kcal/d for men [15].

Patients in both groups were provided metformin 
at the dosage of 750 mg twice daily as a primary treat-
ment and the Supersession Prescription was given to 
the treated group as a supplementary treatment. The 
prescription included Chinese herbal medicine of Cang 
Zhu (Rhizoma Atractylodes) 18 g, Bai Zhu (Rhizoma At-
ractylodis Macrocephalae) 18 g, Dan Shen (Radix Salviae 
Miltiorrhizae) 15 g, Hu Zhang (Polygonum cuspidatum) 
12 g, niao Bu Su (Septemlobate Kalopanax Branchlet) 15 
g, Huang Qin (Scutellaria Baicalensis) 12 g and Wu Yao 
(Linderae Radix) 12 g to strengthen spleen and remove 
turbidity as well as to eliminate phlegm and dissipate 
toxin. All of these herbs were provided and manufac-
tured into decoction by the pharmacy of Longhua Hos-
pital. Patients were provided the Supersession Prescrip-
tion decoction at the dosage of 200 ml one dose twice 
daily. Treatment continued for 13 weeks in both of the 
two groups.

Outcomes

Therapeutic outcomes were divided into three parts 
to assess different aspects of the whole effectiveness of 
the combination therapy and the primary outcome was 
body weight. Indexes of body weight, BMI, Weight Loss 
(WL), Waist Circumference (WC), Hip Circumference 
(HC) and Waist-To-Hip Ratio (WHR) were gauged to esti-
mate the body weight changes. While indexes of HbA1c, 
FPG, 2hPG, Fasting Insulin (FINS) and Homeostatic Mod-
el Assessment for Insulin Resistance (HOMA-IR) were 
measured to evaluate the reduction in plasma glucose 
as well as the improvement in beta cell function. Tri-
glyceride (TG), Total Cholesterol (TC), High Density Li-
poprotein Cholesterol (HDL), Low Density Lipoprotein 
Cholesterol (LDL) and Free Fatty Acids (FFA) were also 
checked to explore the effects on lipid metabolism.

All the indicators were measured at the beginning of 
the treatment as well as at the endpoint, and the index 
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of body weight was gauged additionally once a week at 
the first five weeks as well as at the ninth week.

Safety monitoring included adverse events, vital 
signs and blood biochemical tests. Hypoglycemic epi-
sodes were observed in detail as a major indicator of 
adverse reactions in the therapeutic period.

Statistical analysis

Sample size calculation was performed for the pri-
mary outcome, body weight, and the sample size was 
calculated according to the following formula [17]:

n2 = (1+1/c) [σ (z1-α/2 + z1-β)/ (μ1-μ2)]
2; n1 = cn2

μ1 = 4, μ2 = 3, σ = 1.5, c = 2, α = 0.05, 1-β = 0.80

As a result, body weight reduction in the treated 
group and the control group was estimated to be 4 kg 
and 3 kg, respectively, and the Standard Deviation (SD) 
was supposed to be 1.5 in both of the two groups. As 
the subjects were assigned to either the treated group 
or the control group in a 1:1 ratio, the calculation indi-
cated that a sample size of 36 subjects per group would 
yield a power of 80% with a 5% two-sided significance 
level. To allow for a 10% withdrawal rate, 40 subjects 
for each group should be recruited.

All normally distributed data were presented as 
mean ± SD, while non-normal data were presented 
as median and Interquartile Range (IQR). Parametric 
Student’s t-test or non-parametric Wilcoxon test was 
used to compare variables according to their distribu-

tion characteristics and a P value < 0.05 was considered 
statistically significant. All statistical analyses were per-
formed using SPSS 22.0.

         

 

Assesed for eligibility
(n=80)

Randomized

Follow-Up

Analysis

Allocated to treated group (n=40)

Received allocated intervention (n=40)

Lost to qualitative follow-up (n=2)
Failure to achieve the diet restriction
(n=2)

Analysed (n=38)

Excluded from analysis (n=2)

Analysed (n=36)

Excluded from analysis (n=4)

Lost to qualitative follow-up (n=4)
Failure to achieve the diet restriction
(n=4)

Allocated to treated group (n=40)

Received allocated intervention (n=40)

Figure 1: The CONSORT flow diagram.

Table 1: The general characteristics of all the 80 patients.

Control Treated
N (M/F) 36 (15/21) 38 (16/22)
Age (Year) 35.5 ± 6.0 36.2 ± 6.6
Height (cm) 172.1 ± 5.2 170.6 ± 5.5
Weight (kg) 84.6 ± 7.2 83.7 ± 7.5
BMI (kg/m2) 28.5 ± 1.7 28.7 ± 1.6
WC (cm) 90.3 ± 3.6 90.3 ± 4.0
HC (cm) 99.8 ± 3.3 99.1 ± 3.6
WHR (%) 0.91 ± 0.04 0.91 ± 0.05
HbA1c (%) 7.35 ± 0.89 7.28 ± 1.02
FPG (mmol/L) 7.69 ± 1.03 7.76 ± 0.97
2hPG (mmol/L) 12.02 ± 1.77 11.81 ± 2.07
FINS (μIU/mL) 19.10 ± 7.36 19.24 ± 8.82
HOMA-IR 6.53 ± 2.61 6.64 ± 3.19
TG (mmol/L) 2.46 ± 0.98 2.52 ± 1.00
TC (mmol/L) 5.38 ± 1.08 5.28 ± 0.97
HDL (mmol/L) 1.35 ± 0.30 1.32 ± 0.27
LDL (mmol/L) 3.22 ± 0.93 3.30 ± 0.87
FFA (mmol/L) 0.69 ± 0.14 0.68 ± 0.16

BMI: Body Mass Index; WC: Waist Circumference; HC: Hip 
Circumference; WHR: Waist-To-Hip Ratio; HbA1c: Glycosylated 
Hemoglobin; FPG: Fasting Plasma Glucose; 2hPG: 2h Post-
Prandial Plasma Glucose; FINS: Fasting Insulin; HOMA-IR: 
Homeostatic Model Assessment for Insulin Resistance; TG: 
Triglyceride; TC: Total Cholesterol; HDL: High Density Lipoprotein 
Cholesterol; LDL: Low Density Lipoprotein Cholesterol; FFA: 
Free Fatty Acids
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creased in both of the two groups (P < 0.05), however, 
the changes between the two groups did not show any 
significant difference. In the meantime, there was no 
significant change in HC was found within each group as 
well as between them.

As the primary outcome in the body weight index-
es, changes in body weight were presented in Figure 2. 
The levels of body weight constantly decreased in both 
of the two groups within the first five weeks. However, 
there was no statistically significant difference between 
before vs. after treatment within each group as well as 
between treated and control groups at any time point. 
Significantly curative effect appeared at the ninth week 
in the treated group (P < 0.05) and sustained throughout 
the next four weeks. However, the difference between 
the two groups was significant only at the endpoint of 
the treatment (P < 0.05). No significantly curative effect 
was found in the control group during the whole study.

Comparisons of glucose metabolism

Table 3 presents the results of comparisons on the 
aspect of glucose metabolism.

As the most important outcome in the glucose me-
tabolism indexes, HbA1c significantly decreased in both 

Results

A total of 80 subjects were recruited for this study 
as proposed, however, six were excluded due to fail-
ure to achieve the diet restriction. Thus, 74 subjects 
(in which 38 in the treated group and 36 in the control 
group) finally completed this study and analyses were 
performed in this cohort. Figure 1 illustrated the above 
process in a CONSORT flow diagram.

The general characteristics of the patients are pre-
sented in Table 1. No significant difference was identi-
fied between the two groups in all the parameters such 
as gender, age, height and weight before treatment.

Comparisons of body weight

Table 2 presents the results of comparisons on the 
aspect of body weight.

After 13 weeks of treatment, indexes of body weight 
and BMI displayed significantly curative effects in the 
treated group (P < 0.05), but none of them revealed in the 
control group. Analyses presented statistically significant 
differences between the two groups (P < 0.05), favoring 
the treated group, while the result of WL was consistent.

The levels of WC and WHR were significantly de-

Table 2: Comparisons on the aspect of body weight.

Group Time Weight (kg) BMI (kg/m2) WL (%) WC (cm) HC (cm) WHR (%)
Before 84.6 ± 7.2 28.5 ± 1.7 - 90.3 ± 3.6 99.8 ± 3.3 0.91 ± 0.04

Control After 83.2 ± 7.8 28.1 ± 1.9 2.7 ± 2.1 87.5 ± 2.5 99.2 ± 4.4 0.88 ± 0.04
*P 0.444 0.335 < 0.001 0.55 0.026
Before 83.7 ± 7.5 28.7 ± 1.6 - 90.3 ± 4.0 99.1 ± 3.6 0.91 ± 0.05

Treated After 79.2 ± 6.9 27.2 ± 1.4 6.0 ± 1.0 86.1 ± 4.0 98.8 ± 4.4 0.87 ± 0.06
*P 0.007 < 0.001 < 0.001 0.771 0.003
#P 0.022 0.02 < 0.001 0.083 0.667 0.431

*P value refers to comparison between before vs. after treatment within each group; #P value refers to comparison between treated 
and control groups after treatment; BMI: Body Mass Index; WL: Weight Loss; WC: Waist Circumference; HC: Hip Circumference; 
WHR: Waist-To-Hip Ratio.
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Figure 2: Changes in body weight during the study.
*P < 0.05, P value refers to comparison between before vs. after treatment within each group. #P < 0.05, P value refers to 
comparison between treated and control groups after treatment.
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control group that felt bloating and diarrhea as well as 
two in the treated group. All the gastrointestinal symp-
toms were recovered at the first week. Besides, no hy-
poglycemic episodes and other serious side effect were 
found in both of the two groups.

Discussion

The aim of this current study was to compare the 
effects of combination therapy and metformin, in or-
der to see if Supersession Prescription could produce a 
curative effect as a supplementary medical treatment 
combined with metformin.

As a result, this trial demonstrated that treatment of 
overweight and obese individuals with type 2 diabetes 
with combination therapy resulted in a 6.0% reduction 
in body weight, compared with a reduction of 2.7% with 
metformin intervention alone. Individuals treated with 
combination therapy were more than twice as treat-
ed with metformin intervention alone as likely to lose 
≥ 5% of their initial body weight, which was associated 
with a significantly improved glucose control, resulting 
in reduced mortality in patients with diabetes [18,19]. 
Similar BMI reduction was confirmed after a 13-week 
treatment, while modest improvements in WC and 
WHR were also observed.

The weight loss in the treated group was significant 
as early as the ninth week, while a constant decline was 
maintained for the next four weeks, with no evidence of 
weight regain. In the meantime, body weight reached a 
near-maximal reduction at the ninth week in the control 
group and presented a slight increase at the endpoint 
of the treatment. These results provided an indication 
that Supersession Prescription could strengthen the 

of the two groups (P < 0.05) after 13 weeks of treat-
ment, while the results of FPG and 2hPG were consis-
tent. Comparisons of these indexes between groups 
presented significant differences (P < 0.05) favoring the 
treated group.

In both of the two groups, there was no significant 
change in FINS during this study, but an improvement in 
HOMA-IR was displayed in the treated group (P < 0.05) 
in which was not displayed the control group. However, 
comparisons between the two groups showed no signif-
icant difference in both of the two indexes.

Comparisons of lipid metabolism

Table 4 presents the results of comparisons on the 
aspect of lipid metabolism.

After 13 weeks of treatment, reductions in TG were 
significantly different in both of the two groups (P < 
0.05), however, changes between the two groups did 
not present a significant difference. Analyses also con-
firmed that there was no significant difference in TC re-
duction within each group as well as between the two 
groups.

Significant improvements in HDL, LDL and FFA were 
confirmed in the treated group (P < 0.05), however, re-
ductions between groups were significantly greater only 
in LDL and FFA (P < 0.05). None of these indexes pre-
sented any significant change in the control group.

Adverse reactions

Levels of routine blood, liver and kidney function in 
both groups examined before and after treatment were 
all in the normal range. There were three patients in the 

Table 3: Comparisons on the aspect of glucose metabolism.

Group Time HbA1c (%) FPG (mmol/L) 2hPG (mmol/L) FINS (μIU/mL) HOMA-IR
Before 7.35 ± 0.89 7.69 ± 1.03 12.02 ± 1.77 19.10 ± 7.36 6.53 ± 2.61

Control After 6.95 ± 0.75 7.05 ± 0.98 10.95 ± 2.34 17.81 ± 7.89 5.57 ± 2.55
*P 0.039 0.007 0.027 0.465 0.109
Before 7.28 ± 1.02 7.76 ± 0.97 11.81 ± 2.07 19.24 ± 8.82 6.64 ± 3.19

Treated After 6.44 ± 0.83 6.50 ± 1.06 9.91 ± 1.99 16.40 ± 8.53 4.75 ± 2.64
*P < 0.001 < 0.001 < 0.001 0.153 0.006
#P 0.008 0.025 0.043 0.464 0.178

*P value refers to comparison between before vs. after treatment within each group; #P value refers to comparison between treated 
and control groups after treatment; HbA1c: Glycosylated Hemoglobin; FPG: Fasting Plasma Glucose; 2hPG: 2h Post-Prandial 
Plasma Glucose; FINS: Fasting Insulin; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance.

Table 4: Comparisons on the aspect of lipid metabolism.

Group Time TG (mmol/L) TC (mmol/L) HDL (mmol/L) LDL (mmol/L) FFA (mmol/L)
Before 2.46 ± 0.98 5.38 ± 1.08 1.35 ± 0.30 3.22 ± 0.93 0.69 ± 0.14

Control After 1.91 ± 0.91 5.19 ± 0.86 1.45 ± 0.28 2.85 ± 0.72 0.63 ± 0.16
*P 0.012 0.401 0.156 0.059 0.111
Before 2.52 ± 1.00 5.28 ± 0.97 1.32 ± 0.27 3.30 ± 0.87 0.68 ± 0.16

Treated After 1.71 ± 0.67 4.86 ± 0.91 1.53 ± 0.33 2.39 ± 0.74 0.48 ± 0.14
*P < 0.001 0.051 0.002 < 0.001 < 0.001
#P 0.299 0.11 0.23 0.009 < 0.001

*P value refers to comparison between before vs. after treatment within each group; #P value refers to comparison between treated 
and control groups after treatment; TG: Triglyceride; TC: Total Cholesterol; HDL: High Density Lipoprotein Cholesterol; LDL: Low 
Density Lipoprotein Cholesterol; FFA: Free Fatty Acids.
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In this study, Supersession Prescription, in conjunc-
tion with a standardized drug intervention, resulted 
in clinically meaningful improvements in body weight, 
HbA1c and other cardiovascular risk factors, which were 
associated with a reduced risk of mortality. Thus, a hy-
pothesis was provided that combination therapies with 
TCM, such as Supersession Prescription, might have the 
potentiality to become an effective option for the man-
agement of body weight, blood glucose and serum lipids 
at the same time. And then, further assumptions were 
proposed that other comprehensive treatment, such as 
acupuncture and catgut embedding [28-30], could also 
provide adjuvant therapy to patients with multiple met-
abolic abnormalities.

Limitations should be acknowledged that sample 
size was small in this study in which some differences 
between groups might not have been detected due to 
insufficient statistical power. And more importantly, 13-
week duration of treatment is obviously not adequate 
to fully assess the long-term efficacy. As long-term con-
tinuous treatment and short-term repeated treatment 
may provide different outcomes in some way, the opti-
mal treatment duration still need to be explored in fur-
ther studies. Dietary restriction was performed in this 
study, however, efficacy on satiation was not evaluated 
which was reported with some other remedies [31-33]. 
And furthermore, the mechanism of curative effect by 
Supersession Prescription was still unclear which means 
more studies were needed to explore.

In recent years, series of researches have been per-
formed to explore different approaches to treat over-
weight and obese patients with T2DM, however, the 
current epidemic of obesity and obesity-related diabe-
tes continues to be of increasing. New approaches to 
prevention and treatment are needed, and a controlla-
ble and stable curative treatment of TCM might provide 
an effective assistance to the current standardized in-
tervention strategy.

Conclusion

In this research, Supersession Prescription could 
produce a curative effect as a supplementary medical 
treatment combined with metformin and should be 
used while subjects could not achieve goals of weight 
or glucose management as well as were suffering from 
dyslipidemia.
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therapeutic effect as well as could prolong the duration 
of therapeutic effect as a supplementary medicine com-
bination with metformin in the treatment of obesity. 
Stability of long-term curative effect was not assessed 
in this study due to no follow-up data was available.

In this study, treatment with combination thera-
py provided a reduction of 0.8% in HbA1c superior to 
that of 0.4% with metformin, and the results of FPG and 
2hPG were consistent. Attention should be paid as this 
degree of reduction was meaningful to long-term risk 
of micro- and macro-vascular complications [20,21]. Im-
provements in FNIS and HOMA-IR were modest, which 
were mostly due to the limited number of participants 
and the large heterogeneity among them as researches 
reported that metformin could make amelioration on 
insulin sensitivity [22,23]. Deficiency of treatment time 
might also play an important role on this procedure. 
These findings indicated that Supersession Prescription 
could be considered as an effective treatment option 
for combination therapy with metformin while sub-
jects could not achieve glycemic control with metformin 
therapy alone.

Comparisons on the aspect of lipid metabolism pre-
sented certain therapeutic effects in both of the two 
groups, however, changes were greater in the treat-
ment group which might be largely due to the reduction 
in body weight as subcutaneous and visceral adipose 
tissue, especially the latter one, was strongly associated 
with lipidemia [24,25]. As serum lipids were also mark-
ers of cardiovascular risk, Supersession Prescription 
should be suggested as a supplementary remedy to pa-
tients with dyslipidemia.

Safety analyses showed that there was no difference 
between the two groups in the overall incidence of ad-
verse events, and most were gastrointestinal symptoms 
which were well-known adverse effects reported with 
metformin [26,27]. Importantly, there was no serious 
adverse event including hypoglycemia during this study 
which means Supersession Prescription could be used 
in a wide range of different conditions such as impaired 
glucose tolerance.

Compared with the previous research, this study 
provided an available approach to manage body weight, 
blood glucose and serum lipids at the same time which 
might be good news to patients with multiple metabol-
ic abnormalities such as metabolic syndrome. In the 
meantime, Supersession Prescription was clearly de-
fined as a supplementary therapy in this research which 
might provide it a wide range of application prospect. 
As we all know that TCM has not been allowed to be 
used as medical treatment in many countries as herbal 
preparations are complex and contain a serious of ac-
tive ingredients which are unidentified and may even 
work together, resulting in unclear mechanisms and in-
stable efficacy, however, it is accepted as an assistant in 
the course of health protection in most places.

https://doi.org/10.23937/2572-4010.1510019


ISSN: 2572-4010DOI: 10.23937/2572-4010.1510019

Zheng et al. J Obes Weight-Loss Medic 2017, 3:019 • Page 7 of 7 •

17. Bacchetti P, Leung JM (2002) Sample size calculations in 
clinical research. Anesthesiology 97: 1028-1029.

18. Horton ES (2009) Effects of lifestyle changes to reduce 
risks of diabetes and associated cardiovascular risks: Re-
sults from large scale efficacy trials. Obesity (Silver Spring) 
17: S43-S48.

19. Caterson ID, Finer N, Coutinho W, Van Gaal LF, Maggioni 
AP, et al. (2012) Maintained intentional weight loss reduc-
es cardiovascular outcomes: Results from the Sibutramine 
Cardiovascular OUTcomes (SCOUT) trial. Diabetes Obes 
Metab 14: 523-530. 

20. Ray KK, Seshasai SR, Wijesuriya S, Sivakumaran R, Neth-
ercott S, et al. (2009) Effect of intensive control of glucose 
on cardiovascular outcomes and death in patients with di-
abetes mellitus: A meta-analysis of randomised controlled 
trials. Lancet 373: 1765-1772. 

21. Mannucci E, Monami M, Lamanna C, Gori F, Marchionni N 
(2009) Prevention of cardiovascular disease through glyce-
mic control in type 2 diabetes: A meta-analysis of random-
ized clinical trials. Nutr Metab Cardiovasc Dis 19: 604-612. 

22. TODAY Study Group (2013) Effects of metformin, met-
formin plus rosiglitazone, and metformin plus lifestyle on in-
sulin sensitivity and beta-cell function in TODAY. Diabetes 
Care 36: 1749-1757. 

23. Hivert MF, Christophi CA, Franks PW, Jablonski KA, Ehr-
mann DA, et al. (2016) Lifestyle and Metformin Ameliorate 
Insulin Sensitivity Independently of the Genetic Burden of 
Established Insulin Resistance Variants in Diabetes Pre-
vention Program Participants. Diabetes 65: 520-526. 

24. Despres JP, Lemieux I (2006) Abdominal obesity and met-
abolic syndrome. Nature 444: 881-887. 

25. Katsoulis K, Blaudeau TE, Roy JP, Hunter GR (2009) Di-
et-induced Changes in Intra-abdominal Adipose Tissue and 
CVD Risk in American Women. Obesity (Silver Spring) 17: 
2169-2175. 

26. Bouza C, Lopez-Cuadrado T, Gutierrez-Torres LF, Amate 
J (2012) Efficacy and safety of metformin for treatment of 
overweight and obesity in adolescents: An updated system-
atic review and meta-analysis. Obes Facts 5: 753-765. 

27. Umpierrez G, Tofe PS, Perez MF, Shurzinske L, Pechtner 
V (2014) Efficacy and safety of dulaglutide monotherapy 
versus metformin in type 2 diabetes in a randomized con-
trolled trial (AWARD-3). Diabetes Care 37: 2168-2176. 

28. Sui Y, Zhao HL, Wong VC, Brown N, Li XL, et al. (2012) 
A systematic review on use of Chinese medicine and acu-
puncture for treatment of obesity. Obes Rev 13: 409-430. 

29. Huang CY, Chong MY, Li TS (2012) Treatment of obesity 
by catgut embedding: An evidence-based systematic anal-
ysis. Acupunct Med 30: 233-234. 

30. Wang Y, Liu ZC, Xu B (2014) Efficacy analysis on type 
2 diabetes mellitus treated with acupuncture in females. 
Zhongguo Zhen Jiu 34: 21-24. 

31. Odunsi ST, Vazquez-Roque MI, Camilleri M, Papathanaso-
poulos A, Clark MM, et al. (2010) Effect of alginate on satia-
tion, appetite, gastric function, and selected gut satiety hor-
mones in overweight and obesity. Obesity (Silver Spring) 
18: 1579-1584.

32. Hellstrom PM (2013) Satiety signals and obesity. Curr Opin 
Gastroenterol 29: 222-227. 

33. Goldstone AP, Miras AD, Scholtz S, Jackson S, Neff KJ, et 
al. (2016) Link between increased satiety gut hormones and 
reduced food reward after gastric bypass surgery for obesity. 
J Clin Endocrinol Metab 101: 599-609.

References
1. http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_

eng.pdf
2. Niswender K (2010) Diabetes and obesity: Therapeutic tar-

geting and risk reduction - a complex interplay. Diabetes 
Obes Metab 12: 267-287.

3. Bays HE, Gonzalez Campoy JM, Bray GA, Kitabchi AE, 
Bergman DA, et al. (2008) Pathogenic potential of adipose 
tissue and metabolic consequences of adipocyte hypertro-
phy and increased visceral adiposity. Expert Rev Cardio-
vasc Ther 6: 343-368. 

4. Centers for Disease Control and Prevention (CDC) (2004) 
Prevalence of overweight and obesity among adults with 
diagnosed diabetes--United States, 1988-1994 and 1999-
2002. MMWR Morb Mortal Wkly Rep 53: 1066-1068. 

5. Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, et al. 
(2010) Diabetes mellitus, fasting blood glucose concentration, 
and risk of vascular disease: A collaborative meta-analysis of 
102 prospective studies. Lancet 375: 2215-2222.

6. Seshasai SR, Kaptoge S, Thompson A, Di Angelantonio E, 
Gao P, et al. (2011) Diabetes mellitus, fasting glucose, and 
risk of cause-specific death. N Engl J Med 364: 829-841. 

7. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman 
JI, et al. (2009) Harmonizing the metabolic syndrome: A 
joint interim statement of the International Diabetes Feder-
ation Task Force on Epidemiology and Prevention; National 
Heart, Lung, and Blood Institute; American Heart Associa-
tion; World Heart Federation; International Atherosclerosis 
Society; and International Association for the Study of Obe-
sity. Circulation 120: 1640-1645. 

8. Kramer CK, Zinman B, Retnakaran R (2013) Are metabolically 
healthy overweight and obesity benign conditions?: A system-
atic review and meta-analysis. Ann Intern Med 159: 758-769. 

9. Tobias DK, Pan A, Jackson CL, O’Reilly EJ, Ding EL, et al. 
(2014) Body-mass index and mortality among adults with 
incident type 2 diabetes. N Engl J Med 370: 233-244.

10. Williamson DF, Thompson TJ, Thun M, Flanders D, Pamuk 
E, et al. (2000) Intentional weight loss and mortality among 
overweight individuals with diabetes. Diabetes Care 23: 
1499-1504. 

11. Wing RR, Lang W, Wadden TA, Safford M, Knowler WC, et 
al. (2011) Benefits of modest weight loss in improving car-
diovascular risk factors in overweight and obese individuals 
with type 2 diabetes. Diabetes Care 34: 1481-1486.

12. Hollander PA, Kushner P (2010) Type 2 diabetes comorbid-
ities and treatment challenges: Rationale for DPP-4 inhibi-
tors. Postgrad Med 122: 71-80. 

13. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferran-
nini E, et al. (2012) Management of hyperglycemia in type 2 
diabetes: A patient-centered approach: Position statement 
of the American Diabetes Association (ADA) and the Euro-
pean Association for the Study of Diabetes (EASD). Diabe-
tes Care 35: 1364-1379. 

14. American Diabetes Association. Standards of medical care 
in diabetes (2014) Diabetes Care 37: S14-S80.

15. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, 
et al. (2014) 2013 AHA/ACC/TOS guideline for the man-
agement of overweight and obesity in adults: A report of 
the American College of Cardiology/American Heart Asso-
ciation Task Force on Practice Guidelines and The Obesity 
Society. J Am Coll Cardiol 63: 2985-3023. 

16. World Medical Association (2013) World Medical Associa-
tion Declaration of Helsinki: Ethical principles for medical 
research involving human subjects. JAMA 310: 2191-2194. 

https://doi.org/10.23937/2572-4010.1510019
http://www.ncbi.nlm.nih.gov/pubmed/12357184
http://www.ncbi.nlm.nih.gov/pubmed/12357184
http://www.ncbi.nlm.nih.gov/pubmed/19927146
http://www.ncbi.nlm.nih.gov/pubmed/19927146
http://www.ncbi.nlm.nih.gov/pubmed/19927146
http://www.ncbi.nlm.nih.gov/pubmed/19927146
http://www.ncbi.nlm.nih.gov/pubmed/22192338
http://www.ncbi.nlm.nih.gov/pubmed/22192338
http://www.ncbi.nlm.nih.gov/pubmed/22192338
http://www.ncbi.nlm.nih.gov/pubmed/22192338
http://www.ncbi.nlm.nih.gov/pubmed/22192338
http://www.ncbi.nlm.nih.gov/pubmed/19465231
http://www.ncbi.nlm.nih.gov/pubmed/19465231
http://www.ncbi.nlm.nih.gov/pubmed/19465231
http://www.ncbi.nlm.nih.gov/pubmed/19465231
http://www.ncbi.nlm.nih.gov/pubmed/19465231
http://www.ncbi.nlm.nih.gov/pubmed/19427768
http://www.ncbi.nlm.nih.gov/pubmed/19427768
http://www.ncbi.nlm.nih.gov/pubmed/19427768
http://www.ncbi.nlm.nih.gov/pubmed/19427768
http://www.ncbi.nlm.nih.gov/pubmed/23704674
http://www.ncbi.nlm.nih.gov/pubmed/23704674
http://www.ncbi.nlm.nih.gov/pubmed/23704674
http://www.ncbi.nlm.nih.gov/pubmed/23704674
https://www.ncbi.nlm.nih.gov/pubmed/26525880
https://www.ncbi.nlm.nih.gov/pubmed/26525880
https://www.ncbi.nlm.nih.gov/pubmed/26525880
https://www.ncbi.nlm.nih.gov/pubmed/26525880
https://www.ncbi.nlm.nih.gov/pubmed/26525880
http://www.ncbi.nlm.nih.gov/pubmed/17167477
http://www.ncbi.nlm.nih.gov/pubmed/17167477
http://www.ncbi.nlm.nih.gov/pubmed/19444234
http://www.ncbi.nlm.nih.gov/pubmed/19444234
http://www.ncbi.nlm.nih.gov/pubmed/19444234
http://www.ncbi.nlm.nih.gov/pubmed/19444234
http://www.ncbi.nlm.nih.gov/pubmed/23108505
http://www.ncbi.nlm.nih.gov/pubmed/23108505
http://www.ncbi.nlm.nih.gov/pubmed/23108505
http://www.ncbi.nlm.nih.gov/pubmed/23108505
http://www.ncbi.nlm.nih.gov/pubmed/24842985
http://www.ncbi.nlm.nih.gov/pubmed/24842985
http://www.ncbi.nlm.nih.gov/pubmed/24842985
http://www.ncbi.nlm.nih.gov/pubmed/24842985
http://www.ncbi.nlm.nih.gov/pubmed/22292480
http://www.ncbi.nlm.nih.gov/pubmed/22292480
http://www.ncbi.nlm.nih.gov/pubmed/22292480
http://www.ncbi.nlm.nih.gov/pubmed/22773366
http://www.ncbi.nlm.nih.gov/pubmed/22773366
http://www.ncbi.nlm.nih.gov/pubmed/22773366
http://www.ncbi.nlm.nih.gov/pubmed/24673047
http://www.ncbi.nlm.nih.gov/pubmed/24673047
http://www.ncbi.nlm.nih.gov/pubmed/24673047
http://www.ncbi.nlm.nih.gov/pubmed/19960001
http://www.ncbi.nlm.nih.gov/pubmed/19960001
http://www.ncbi.nlm.nih.gov/pubmed/19960001
http://www.ncbi.nlm.nih.gov/pubmed/19960001
http://www.ncbi.nlm.nih.gov/pubmed/19960001
http://www.ncbi.nlm.nih.gov/pubmed/23314812
http://www.ncbi.nlm.nih.gov/pubmed/23314812
http://www.ncbi.nlm.nih.gov/pubmed/26580235
http://www.ncbi.nlm.nih.gov/pubmed/26580235
http://www.ncbi.nlm.nih.gov/pubmed/26580235
http://www.ncbi.nlm.nih.gov/pubmed/26580235
http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf
http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf
https://www.ncbi.nlm.nih.gov/pubmed/20380648
https://www.ncbi.nlm.nih.gov/pubmed/20380648
https://www.ncbi.nlm.nih.gov/pubmed/20380648
https://www.ncbi.nlm.nih.gov/pubmed/18327995
https://www.ncbi.nlm.nih.gov/pubmed/18327995
https://www.ncbi.nlm.nih.gov/pubmed/18327995
https://www.ncbi.nlm.nih.gov/pubmed/18327995
https://www.ncbi.nlm.nih.gov/pubmed/18327995
https://www.ncbi.nlm.nih.gov/pubmed/15549021
https://www.ncbi.nlm.nih.gov/pubmed/15549021
https://www.ncbi.nlm.nih.gov/pubmed/15549021
https://www.ncbi.nlm.nih.gov/pubmed/15549021
https://www.ncbi.nlm.nih.gov/pubmed/20609967
https://www.ncbi.nlm.nih.gov/pubmed/20609967
https://www.ncbi.nlm.nih.gov/pubmed/20609967
https://www.ncbi.nlm.nih.gov/pubmed/20609967
http://www.ncbi.nlm.nih.gov/pubmed/21366474
http://www.ncbi.nlm.nih.gov/pubmed/21366474
http://www.ncbi.nlm.nih.gov/pubmed/21366474
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://www.ncbi.nlm.nih.gov/pubmed/24297192
http://www.ncbi.nlm.nih.gov/pubmed/24297192
http://www.ncbi.nlm.nih.gov/pubmed/24297192
http://www.ncbi.nlm.nih.gov/pubmed/24428469
http://www.ncbi.nlm.nih.gov/pubmed/24428469
http://www.ncbi.nlm.nih.gov/pubmed/24428469
http://www.ncbi.nlm.nih.gov/pubmed/11023143
http://www.ncbi.nlm.nih.gov/pubmed/11023143
http://www.ncbi.nlm.nih.gov/pubmed/11023143
http://www.ncbi.nlm.nih.gov/pubmed/11023143
http://www.ncbi.nlm.nih.gov/pubmed/21593294
http://www.ncbi.nlm.nih.gov/pubmed/21593294
http://www.ncbi.nlm.nih.gov/pubmed/21593294
http://www.ncbi.nlm.nih.gov/pubmed/21593294
http://www.ncbi.nlm.nih.gov/pubmed/20463416
http://www.ncbi.nlm.nih.gov/pubmed/20463416
http://www.ncbi.nlm.nih.gov/pubmed/20463416
http://www.ncbi.nlm.nih.gov/pubmed/22517736
http://www.ncbi.nlm.nih.gov/pubmed/22517736
http://www.ncbi.nlm.nih.gov/pubmed/22517736
http://www.ncbi.nlm.nih.gov/pubmed/22517736
http://www.ncbi.nlm.nih.gov/pubmed/22517736
http://www.ncbi.nlm.nih.gov/pubmed/22517736
http://www.ncbi.nlm.nih.gov/pubmed/24357209
http://www.ncbi.nlm.nih.gov/pubmed/24357209
http://www.ncbi.nlm.nih.gov/pubmed/24239920
http://www.ncbi.nlm.nih.gov/pubmed/24239920
http://www.ncbi.nlm.nih.gov/pubmed/24239920
http://www.ncbi.nlm.nih.gov/pubmed/24239920
http://www.ncbi.nlm.nih.gov/pubmed/24239920
http://www.ncbi.nlm.nih.gov/pubmed/24239920
http://www.ncbi.nlm.nih.gov/pubmed/24141714
http://www.ncbi.nlm.nih.gov/pubmed/24141714
http://www.ncbi.nlm.nih.gov/pubmed/24141714

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Subjects
	Interventions
	Outcomes
	Statistical analysis 

	Results
	Comparisons of body weight 
	Comparisons of glucose metabolism 
	Comparisons of lipid metabolism 
	Adverse reactions 

	Discussion
	Conclusion
	Competing Interests 
	Acknowledgements
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1
	Figure 2
	References

