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Abstract. Effects of berberine on glucose-lipid metabo- 
lism, inflammatory factors and insulin resistance in patients 
with metabolic syndrome were investigated. Eighty patients 
with metabolic syndrome treated in Linyi Central Hospital 
from January 2017 to December 2017 were selected and 
divided into control group (n=40) and observation group 
(n=40). Patients in control group were treated with regular 
therapy using the Western medicine and drugs, while those 
in observation group, based on the treatment in control 
group, were treated with berberine. Changes in relevant 
indexes to blood glucose and lipid metabolisms and inflam-
matory factors were compared between the two groups. 
The correlation of inflammatory factor with fasting blood 
glucose, insulin resistance, triglyceride and total cholesterol 
was analyzed. At 1 month after treatment, levels of fasting 
blood glucose, 2 h postprandial blood glucose, insulin 
resistance index and blood lipid indexes in both groups 
were lower than those at 1 week after treatment (P<0.05). 
At 1 month after treatment, levels of fasting blood glucose, 
2 h postprandial blood glucose, insulin resistance index and 
blood lipid indexes in observation group were significantly 
lower than those in control group during the same period 
(P<0.05). Moreover, levels of high-sensitivity C-reactive 
protein (hs-CRP), interleukin-6 (IL-6) and tumor necrosis 
factor-α (TNF-α) in both groups at 1 month after treatment 
were lower than those at 1 week after treatment (P<0.05), 
and they were lower in observation group at 1 month after 
treatment than those in control group during the same period 
(P<0.05). Finally, hs-CRP was positively correlated with 
fasting blood glucose, insulin resistance, total cholesterol 

and triglyceride. The combined application of berberine in 
patients with metabolic syndrome can effectively regulate 
blood glucose and blood lipid of patients, alleviate insulin 
resistance and reduce the level of inflammatory response in 
the body.

Introduction

Metabolic syndrome mainly refers to a group of pathophysi-
ological changes based on insulin resistance (1), the major 
clinical manifestations are central obesity, increase in blood 
glucose, increase in blood lipid and increase in blood pres-
sure, seriously affecting the physical health of patients. 
The above clinical manifestations of metabolic syndrome, 
as a metabolic dysfunction-related disease (2), have certain 
common risk factors, which are in line with the ‘concept 
of holism, homotherapy for heteropathy’ in the traditional 
Chinese medicine. It is of important significance to effec-
tively intervene in patients with cardiovascular diseases, such 
as hypertension, and endocrine diseases (like type 2 diabetes 
mellitus) (3), alleviate or avoid the occurrence of insulin 
resistance and make full use of the concept of ‘preventive 
treatment of disease’, namely ‘prevention before disease 
onset, prevention of disease from exacerbating’, in the tradi-
tional Chinese medicine, thereby increasing the therapeutic 
effect on metabolic syndrome and improving the prognosis 
of patients (4).

Berberine, also known as Berberine hydrochloride in 
clinic, is the isoquinoline alkaloid, an active ingredient 
extracted from Chinese herbal medicines, such as Coptis 
chinensis and Phellodendron amurense, which has dominant 
advantages such as reducing blood glucose, and regulating 
blood lipid and vascular endothelial cells (5). In recent years, 
berberine has been widely used in the treatment of type 2 
diabetes mellitus, hypertension and hyperlipidemia (6). With 
the deepening of fundamental research on berberine, it has 
been confirmed that the main mechanisms of berberine in 
reducing blood glucose and blood pressure and regulating 
blood lipid are promotion of insulin secretion and improve-
ment of the body's insulin resistance (7). To better investigate 
the clinical value of berberine in the treatment of metabolic 
syndrome, this study was performed from the perspectives of 
blood glucose, blood lipid, insulin resistance and inflamma-
tory factor levels. 
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Patients and methods

Patient data. A total of 80 patients with metabolic syndrome 
treated in Linyi Central Hospital (Linyi, China) from 
January 2017 to December 2017 were selected. All patients met 
the diagnostic criteria of the Chinese Medical Association (8) 
for type 2 diabetes mellitus, hyperlipidemia and hypertension. 
Before enrollment, patients signed an informed consent, and 
this study was approved by the Ethics Committee of Linyi 
Central Hospital. Patients enrolled were aged 60-80 years, and 
they were physically healthy in the past. Exclusion criteria: 
i) Patients complicated with other endocrine system diseases, 

mental diseases, malignant tumor or chronic obstructive 
pulmonary disease, ii) patients who were illiterate, allergic to 
drugs applied or could not pay the medical expenses. Patients 
were divided into two groups with 40 cases in each group 
using the random number method. There were no statistically 
significant differences in comparisons of general data and 
related indexes between the two groups (P>0.05) (Table I).

Methods. Patients in control group were treated with regular 
therapy using the Western medicine and drugs strictly in accor-
dance with the treatment guidelines of metabolic syndrome 
of the Chinese Medical Association. First of all, the weight of 

Table I. Comparison of general data and related indexes between the two groups (mean ± SD).

 Sex Age Fasting blood 2 h postprandial Insulin
Group (male/female) (years) glucose (mmol/l) blood glucose (mmol/l) resistance

Observation group 20/20 65.6±1.8 10.5±0.6 13.5±1.3 1.5±0.1
Control group 20/20 65.5±1.8 10.6±0.6 13.6±1.3 1.5±0.1
χ2 or t value <0.001 0.248 0.745 0.344 <0.001
P-value >0.05 0.804 0.458 0.732 >0.05

Continued

  Total  Tumor necrosis High-sensitivity
 Triglyceride cholesterol Interleukin-6 factor-α C-reactive protein
Group (mmol/l) (mmol/l) (IL-6) (ng/l) (TNF-α) (ng/l) (hs-CRP) (ml/l)

Observation group 2.53±0.13 6.11±0.09 0.69±0.05 253.1±2.1 25.6±1.3
Control group 2.55±0.13 6.12±0.10 0.70±0.05 253.6±2.0 25.7±1.4
χ2 or t value 0.688 0.470 0.894 1.090 0.331
P-value 0.493 0.640 0.374 0.279 0.742

Table II. Changes in related indexes to blood glucose and lipid metabolisms in both groups at 1 week and 1 month after treatment 
(mean ± SD).

  Fasting blood 2 h postprandial
  glucose blood glucose Insulin Triglyceride Total cholesterol
Group Treatment (mmol/l) (mmol/l) resistance (mmol/l) (mmol/l)

Observation group 1 week after treatment 7.9±0.3 9.9±0.5 1.3±0.1 2.12±0.08 5.39±0.15
 1 month after treatment 5.6±0.2a,b 7.5±0.3a,b 1.1±0.11a,b 1.56±0.07a,b 3.69±0.08a,b

Control group 1 week after treatment 8.0±0.4 10.0±0.5 1.4±0.1 2.13±0.09 5.40±0.16
 1 month after treatment 6.5±0.3a 8.5±0.61a 1.3±0.11a 1.96±0.061a 5.23±0.101a

 t1 40.345 26.032 8.944 33.318 62.129
 p1 <0.001  <0.001 <0.001 <0.001 <0.001
 t2 18.974 12.147 4.472 9.940 5.698
 p2 <0.001 <0.001 <0.001 <0.001 <0.001
 t3 15.787 9.428 8.944 27.440 76.055
 p3 <0.001 <0.001 <0.001 <0.001 <0.001

aP<0.05 vs. observation group and control group at 1 week after treatment; bP<0.05 vs. control group at 1 week after treatment. t1, the results 
of comparison in observation group between 1 month after treatment and 1 week after treatment. t2, the results of comparison in observation 
group between 1 month after treatment and 1 week after treatment. t3, the results of comparison between observation group and control group 
at 1 month after treatment.
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patients was reduced, the diet adjustment was strengthened, 
and the body mass index ≤28. Patients exercised properly 
according to the body's tolerance, and it was recommended that 
they take part in light-moderate physical activity every day for 
half an hour. In addition, the insulin resistance was reduced, 
in other words, the blood glucose-regulating drugs, such as 
metformin and insulin sensitizing drug thiazolidinedione, were 
applied while diet and exercise interventions were performed. 
At the same time, the intervention in hyperlipidemia was also 
performed, and it was advised that fibrates and statins be applied. 
Finally, the patient's blood pressure was adjusted and controlled 
within 130/80 mmHg. In terms of antihypertensive drugs, angio-
tensin-converting enzyme inhibitor (ACEI) and/or angiotensin II 
receptor antagonist (ARB) were preferred choices. Patients in 
observation group, based on the treatment in control group, were 
treated with berberine (Jiangxi Sinopharm Co., Ltd., Jiangxi, 
China, NMPN Z36020766) 3 times a day (4 tablets/time).

Observation indexes. All patients were followed up for 
1 month. Changes in relevant indexes to blood glucose and 
lipid metabolisms and inflammatory factors were compared 
between the two groups at 1 week and 1 month after treat-
ment. The correlations of inflammatory factor hs-CRP with 
fasting blood glucose, insulin resistance, triglyceride and total 
cholesterol were analyzed.

Evaluation criteria. Related detection indexes to blood glucose 
included fasting blood glucose (3.9-6.1 mmol/l), 2 h postprandial 
blood glucose (≤7.8 mmol/l) and homeostasis model assessment 
- insulin resistance (HOMA-IR) [reference value: 1, calcula-
tion formula: fasting blood glucose (mmol/l) x fasting insulin 
(mU/l)]. Related indexes to blood lipid included triglyceride 
(0.56-1.71 mmol/l) and total cholesterol (2.83-5.17 mmol/l). 
Inflammation-related factors included hs-CRP (<10 ml/l), IL-6 
(0.37-0.46 ng/l) and TNF-α (5-100 ng/l).

Statistical analysis. SPSS 13.0 software (SPSS Inc., Chicago, 
IL, USA) was used for statistical analysis. Measurement data 

are presented as mean ± standard deviation (mean ±SD). 
Student's t-test was used for the comparison of related indexes 
to blood glucose and lipid metabolisms between the two groups 
at different observation points, the Chi-square test (χ2) was 
used for the comparison of adverse reactions between the two 
groups, and correlations of hs-CRP with fasting blood glucose, 
insulin resistance, total cholesterol and triglyceride were 
analyzed using the Pearson's correlation coefficient method. 
The procedure was repeated 3 times. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Changes in related indexes to blood glucose and lipid metabo-
lisms in both groups at 1 week and 1 month after treatment. 
At 1 month after treatment, levels of fasting blood glucose, 
2 h postprandial blood glucose and insulin resistance index in 
both groups were lower than those at 1 week after treatment 
(P<0.05), and levels of blood lipid indexes (triglyceride and 
total cholesterol) were also lower than those at 1 week after 
treatment (P<0.05). At 1 month after treatment, levels of fasting 
blood glucose, 2 h postprandial blood glucose and insulin resis-
tance index in observation group were significantly decreased 
compared with those in control group during the same period 
(P<0.05), and levels of blood lipid indexes (triglyceride and 
total cholesterol) were also lowered compared with those in 
control group during the same period (P<0.05) (Table II).

Changes in inflammatory factors in both groups at 1 week 
and 1 month after treatment. Levels of hs-CRP, IL-6 and 
TNF-α in both groups at 1 month after treatment were 
lower than those at 1 week after treatment (P<0.05), and 
they were lower in observation group at 1 month after treat-
ment than those in control group during the same period 
(P<0.05) (Table III).

Correlation analysis of inflammatory factor hs-CRP with 
fasting blood glucose. There was a positive correlation 

Table III. Changes in inflammatory factors in both groups at 1 week and 1 month after treatment (mean ± SD).

Group Treatment hs-CRP (ml/l) IL-6 (ng/l) TNF-α (ng/l)

Observation group 1 week after treatment 12.3±0.5 0.59±0.06 136.8±11.1
 1 month after treatment 8.5±0.3a,b 0.43±0.04a,b 83.2±7.6a,b

Control group 1 week after treatment 14.6±0.6 0.68±0.06 146.5±11.3
 1 month after treatment 11.6±0.4a 0.51±0.05a 108.9±8.3a

 t1 41.217 14.033 25.199
 p1 <0.001 <0.001 <0.001
 t2 26.312 13.766 16.961
 p2 <0.001 <0.001 <0.001
 t3 39.212 7.902 14.443
 p3 <0.001 <0.001 <0.001

aP<0.05 vs. observation group and control group at 1 week after treatment; bP<0.05 vs. control group at 1 week after treatment. t1, the results 
of comparison in observation group between 1 month after treatment and 1 week after treatment. t2, the results of comparison in observation 
group between 1 month after treatment and 1 week after treatment. t3, the results of comparison between observation group and control group 
at 1 month after treatment.
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between inflammatory factor hs-CRP and fasting blood 
glucose (r=0.9242, P<0.05) (Fig. 1).

Correlation analysis of inflammatory factor hs-CRP with 
insulin resistance. There was a positive correlation between 
inflammatory factor hs-CRP and insulin resistance (r=0.9929, 
P<0.05) (Fig. 2).

Correlation analysis of inflammatory factor hs-CRP with 
triglyceride. There was a positive correlation between 
inflammatory factor hs-CRP and triglyceride (r=0.9235, 
P<0.05) (Fig. 3).

Correlation analysis of inflammatory factor hs-CRP with 
total cholesterol. There was a positive correlation between 

inflammatory factor hs-CRP and total cholesterol (r=0.9665, 
P<0.05) (Fig. 4).

Comparison of adverse reactions between the two groups. 
There was no statistically significant difference in the overall 
incidence rate of adverse reactions, such as ketoacidosis, 
hyperglycemic coma, hypoglycemia and nausea and vomiting, 
between the two groups (P>0.05) (Table IV).

Discussion

Metabolic syndrome is a group of clinical syndromes deter-
mined by heredity, environment, living habits and other factors, 
whose main mechanism is insulin resistance (9). Patients 
have symptoms including central obesity, atherosclerosis, 

Figure 1. Correlation analysis of inflammatory factor hs-CRP with fasting 
blood glucose. There is a positive correlation between inflammatory factor 
hs-CRP and fasting blood glucose (r=0.9242, P<0.05).

Figure 2. Correlation analysis of inflammatory factor hs-CRP with insulin 
resistance. There is a positive correlation between inflammatory factor 
hs-CRP and insulin resistance (r=0.9929, P<0.05).

Figure 3. Correlation analysis of inflammatory factor hs-CRP with triglyc-
eride. There is a positive correlation between inflammatory factor hs-CRP 
and triglyceride (r=0.9235, P<0.05).

Figure 4. Correlation analysis of inflammatory factor hs-CRP with total cho-
lesterol. There is a positive correlation between inflammatory factor hs-CRP 
and total cholesterol (r=0.9665, P<0.05).

Table IV. Comparison of adverse reactions between the two groups.

  Hyperglycemic  Nausea and Overall incidence
Group Ketoacidosis  coma Hypoglycemia  vomiting rate

Observation group 1 1 1 1 4 (10.0%)
Control group  1 2 1 0 4 (10.0%)
χ2 value     <0.001
P-value     <0.05
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rise of blood lipid, pathoglycemia and elevation of blood 
pressure, which may be accompanied by microalbuminuria, 
hyperuricemia and long-term rise of chronic inflammatory 
cytokines (10). Currently, most scholars consider that insulin 
resistance is the most crucial independent risk factor and 
central link that lead to metabolic syndrome (11). Treatment 
for metabolic syndrome is based on improvement of patients' 
way of life, regulation of eating habits, exercise training and 
loss of weight, combined with drug therapy of reducing blood 
lipid and regulating blood pressure and blood glucose (12). 
Berberine can regulate various metabolic disorders of meta-
bolic syndrome, which has advantages of wide medicinal 
herbs resources, low price, smaller adverse reactions, and is 
also safe and convenient (13).

In this study, patients with metabolic syndrome in control 
group were given regular Western medicine treatment strictly 
following guideline requirements, while those in observa-
tion group received berberine treatment on the basis of that 
in control group. By analyzing changes of related indexes to 
blood glucose and lipid metabolisms in the groups at 1 week 
and 1 month after treatment, it was found that related indexes 
to blood glucose and lipid in both groups were improved at 
1 month after treatment, but levels of fasting blood glucose, 
2 h postprandial blood glucose and insulin resistance index 
in observation group were significantly lower than those in 
control group at 1 month after treatment, and levels of blood 
lipid indexes (triglyceride and total cholesterol) in observation 
group were lower than those in control group at 1 month after 
treatment, indicating that combined use of berberine can regu-
late blood glucose and blood lipid levels more effectively and 
lighten insulin resistance. By exploring changes in relevant 
indexes of inflammatory factors in both groups at 1 week and 
1 month after treatment, it was found that hs-CRP, IL-6 and 
TNF-α levels in both groups were also lower than those at 1 
week after treatment, but hs-CRP, IL-6 and TNF-α levels in 
observation group were all lower than those in control group 
at 1 month after treatment, indicating that combined use of 
berberine tablets is of important significance for reducing 
inflammatory reaction in patients with metabolic syndrome. 
From the correlation research on inflammatory response factor 
hs-CRP with fasting blood glucose, insulin resistance, total 
cholesterol and triglyceride, it was revealed that hs-CRP was 
positively related to fasting blood glucose, insulin resistance, 
total cholesterol and triglyceride, which further indicates that 
there is chronic inflammatory response in the body of patients 
with metabolic syndrome and the severity degree of inflam-
matory response is related to blood glucose and blood lipid 
metabolism. Chronic inflammatory response may also lead to 
increase of insulin resistance in the body and further worsen 
the disease condition. Besides, combined use of berberine 
tablets did not increase the incidence of adverse reactions 
of treatment, so combined use of berberine tablets is of high 
safety.

In this study, combined use of berberine could effectively 
improve activity of adenosine monophosphate-activated 
protein kinase (AMPK) of islet cells, thus promoting acti-
vation of cyclic adenosine monophosphate (CAMP) signal 
pathway (14) and active secretion of insulin in the body. 
Moreover, berberine can also stimulate free fatty acid 
to induce secretion of insulin (15). Berberine improves 

physiological stimulation of glucose via cascade reaction of 
insulin-like growth factor-1 (IGF-1), thus inducing secre-
tion of insulin in the body, reducing insulin resistance, 
and improving sensitivity of liver, muscle tissues and fat to 
insulin (16). Berberine can improve the activity and promote 
the proliferation of insulin β cells (17). Therefore, the 
combined use of berberine in observation group could better 
control fasting blood glucose and 2 h postprandial plasma 
glucose and reduce insulin resistance in the body. Berberine 
inhibits synthesis and secretion of proteolipid protein and 
activity of peroxisome by enhancing low density lipoprotein 
receptor level and promoting adenylate-phosphoric acid-
activated protein kinase activity, thus regulating blood lipid 
and inhibiting proliferation and differentiation of adipocytes, 
so as to achieve the objective of reducing free fatty acid in 
serum (18,19). Consequently, triglyceride and total cholesterol 
decreased significantly after combined use of berberine in 
observation group. In addition, berberine can also evidently 
decrease levels of hs-CRP, IL-6, TNF-α and other inflam-
matory cytokines in the body (20), improve calcium overload 
and ischemia reperfusion injury and provide anti-oxidative 
capacity (21).

In conclusion, combined use of berberine for patients with 
metabolic syndrome can effectively regulate blood glucose 
and lipid, lighten insulin resistance in the body and reduce 
inflammatory response level.
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