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Introduction
The number of diabetic patients is currently increasing all over the world, 
including Asia, due to lifestyle changes. In Japan, 6.6% of the total popula-
tion (11 million people) had diabetes in 2021. The situation in China is 
more serious, where 10.6% of the total population (more than 140 million 
people) had diabetes in 2021. In Japan, the number of patients has been 
declining moderately since around 2011, but in China, it is increasing year 
by year, and countermeasures are urgently needed [1].

As the number of patients increases, the number of patients receiving mul-
tidrug therapy has become a problem[2, 3].

With the increase in combination therapy, side effects, drug interactions, 
and drug resistance of sulfonylureas have become problems. Therefore, the 
importance of drug free treatments, such as diet and exercise, is being reaf-
firmed.

Gut bacteria ferment undigested dietary fiber to produce metabolites. In 
recent years, it has become clear that these metabolites are absorbed from 
the large intestine and transferred to the blood, and are effectively used 
as an energy source and a physiologically active substance [4-6]. As the 
intestinal flora is known to have a major impact on our health, attention 
has been focused on balancing potentially beneficial and harmful bacteria 
in the intestine for the intestinal environment. For many years, this method 
has been based on the idea of adding potentially beneficial bacteria such 
as lactic acid bacteria and bifidobacterial from the outside through probi-
otic products, such as yogurt, that claim to deliver these to the intestines 
alive. However, as it has been known since the 1950’s, most of the bacteria 
ingested from probiotic products die before they reach the intestines, and 
even if they reach the intestines, it is difficult for them to settle just by pass-
ing through [7]. The effect has been found to be limited and transient [7]. 
For this reason, there are products that are attracting attention in order 
to increase the proportion of potentially beneficial bacteria that reside in 
the intestine. These prebiotic products, such as oligosaccharides, selectively 
increase potential beneficial bacteria, and biogenic products, which help 
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suppress the increase of blood glucose. However, there is concern that even 
if only specific potential beneficial bacteria are increased, the proportion 
of potential beneficial bacteria will return to the original level when the 
product intake is stopped [8, 9]. The lactic acid bacteria (LAB) metabolites 
products used in this test was a soymilk fermented by the complex lactic 
acid bacteria containing metabolites of the complex lactic acid bacteria. It 
contains a good balance of bioactive substances such as amino acids, lipids, 
vitamins, minerals, isoflavones and phospholipids. LAB metabolites have 
been confirmed to be widely effective in both in vivo and in vitro stud-
ies, including effects on the skin such as transdermal water content and 
ceramide production, anti-allergy, anti-tumor, and effects on the intestinal 
environment. Potential effects on blood glucose have also been found [10, 
11]. No adverse events have been observed in previous human studies. In 
addition, we have begun studying active ingredients in metabolome analy-
sis [2-7].

We examined the additional effects of LAB metabolites on the standard of 
care for diabetes patients and are submitting a report with effective results.

In this study, we compared LAB metabolites with Yuquan Pill which is a 
traditional Chinese medicine used in diabetic patients to confirm the ef-
ficacy of LAB metabolites alone in diabetes patients.

Abstract
Introduction: In this study, we compared LAB metabolites with Yuquan Pill (a traditional Chinese medicine used in diabetic 
patients) to confirm the efficacy of LAB metabolites alone in diabetes patients.

Methods: Sixty untreated diabetic patients were divided into two groups, and a 3 month interventional clinical trial was conducted 
using test food with LAB metabolites, and Yuquan Pill as a positive control.

Results: LAB metabolites are shown to statistically significantly improve clinical symptoms, blood glucose levels, and HbA1c 
levels compared to Yuquan Pill. Both LAB metabolites and Yuquan Pill also statistically significantly improved blood glucose 
levels and HbA1c compared to pre-administration.

Conclusion: A 3 month administration of LAB metabolites is effective in improving blood glucose levels and HbA1c in untreated 
diabetic patients.
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Materials and Methods
Test foods

LAB metabolites in soymilk were used as a test food (Figure 1). This soy-
milk is fermented with 35 strains of 16 species of complex lactic acid bacte-
ria. The culture medium also contained complex metabolites of lactic acid 
bacteria. The complex lactic acid bacteria of 16 species and 35 strains are as 
follows: 2 strains of Bifidobacterium longum, 1 strain of Bifidobacterium 
bifidum, 1 strain of Bifidobacterium adolescentis, 3 strains of Lactobacil-
lus acidophilus, 3 strains of Lactobacillus brevis, 1 strain of Lactobacillus 
jensenii, 2 strains of Lactobacillus paracasei subsp. paracasei, 5 strains of 
Lactobacillus gasseri, 2 strains of Lactobacillus delbrueckii subsp. bul-
garicus, 1 strain of Lactobacillus helveticus, 1 strain of Lactobacillus casei 
subsp. casei, 1 strain of Lactobacillus rhamnosus, 2 strains of Lactobacillus 
delbrueckii subsp. delbrueckii, 2 strains of Lactococcus lactis, 6 strains of 
Enterococcus faecium and 2 strains of Streptococcus thermophilus. The 
bacteria are the same type and strain as the complex lactic acid bacteria 
since the fermented ones are sterilized at the time of commercialization.

Figure 1: Manufacturing process of LAB metabolites. LAB metabolites in 
soymilk were used as a test food.

Positive control was set in this study to maintain reliability. The control 
food is a typical Chinese herbal diabetes treatment drug called “Yuquan 
Pill” consisting of ingredients with sugar lowering action such as kakkonto, 
heavenly pollen, rehmannia glutinosa, and schisandra. The composition of 
the test and control foods is shown in Table 1.

The test food (10ml)
Lactic acid bacteria metabolites (3x 

concentrated) 10ml

The control food (15g)
Trichosanthes root 2.5g

Pueraria 2.5g
Ophiopogon tuber 2.5g

Ginseng 1.7g
Hoelen 1.7g

Ubai 1.7g
Licorice 1.7g

Astragalus 1.7g

Table 1: The composition of the food. The composition of the test and con-
trol foods is reported.

Analysis of clinical effects

Patients

Subjects were recruited at the China and Japan Friendship Clinic in 2003 
based on selection criteria in which the patient was to have been diagnosed 
with diabetes. The study was conducted in a total of 60 diabetic patients. 
All patients who participated in the study were instructed to get adequate 

rest and sleep and not to use any drugs other than test foods or control 
foods.

Exam schedule

The 60 patients were randomly assigned to two groups, the study food 
group and the control group, with 30 patients in each. During the 3 month 
study period, patients in the study food group took 10 ml of the test food 
twice daily. Patients in the control group took 15 g of the control food twice 
daily (Figure 2).

Figure 2: Protocol for this clinical trial. Patients in the control group took 
15 g of the control food twice daily.

Observation Indicators

Criteria for effectiveness: The judgment criteria were set as follows: If the 
index of each biochemical test is clearly improved, the fasting blood glu-
cose level is decreased by 1 to 2 mmol/L, and HbA1c is decreased by 1 to 
2%, and if there is a subjective symptom of improvement, it was judged 
as "significantly effective". If the fasting blood glucose level decreased 1 
mmol/L, HbA1c decreased 1% or the biochemical test indicators improved 
and the subjective symptoms also improved, it was judged as "effective". If 
neither the biochemical test nor the subjective symptoms are improved, it 
was judged as "Not Effective".

Patient's subjective symptoms and doctor's findings: In order to know the 
detailed situation after ingestion of the test food, the patients had a medi-
cal examination to determine the improvement of subjective symptoms, 
drinking status, dietary status, presence or absence of polyuria, recovery 
status of physical strength, weight change, and changes in the status of 
complications.

Biochemical index: Fasting blood glucose, urine sugar and body weight 
were measured before, during and after the test meal once every two weeks. 
HbA1c, triglyceride, cholesterol, liver function and renal function were 
measured once a month.

Safety evaluation items: For the purpose of evaluating the safety of inges-
tion of the test food, changes in clinical laboratory test values and the in-
cidence of adverse events/side effects were analyzed, and the investigator 
determined whether or not there was a relationship with the test foods.

Statistical Analysis: The test results of each item’s biochemical index and 
the patient's own sensation were compared over time before and after 
ingestion using the t-test. All statistical analysis had a significance level 
of 5%, and was done using Microsoft Excel (Microsoft Co., Ltd.), IBM® 
SPSS26.0 (IBM Japan Headquarters), and Excel Statistics (Social Informa-
tion Service Co., Ltd.).

Results
Participants Profiles

There were 60 patients enrolled in this study, 36 males and 24 females. The 
maximum age was 78 years, the minimum age was 32 years, and the du-
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ration of diabetes was 1 to 10 years or more. The complications of dia-
betes and other diseases were diabetic retinopathy in 16 cases, diabetic 
nephropathy in 19 cases and one of diabetic cardiomyopathy.

Analysis of clinical effects

As a result of ridit analysis, the LAB metabolites were found to be statisti-
cally significantly effective to the control group p (Table 2, p<0.05).

Group Number 
of cases

Significantly 
effective Effective Not effec-

tive
Total effectiveness 

rate p value

The test food group 30 9 17 4 86.70% <0.05

 The control group 30 3 17 10 66.60%

Table 2: Clinical effects in the test food and control groups. The LAB metabolites were found to be statistically significantly effective to the control group 
(p <0.05)

Figure 3 shows the reduction of blood glucose levels in the test food group 
and the control group. There was a statistically significant difference in 
the decrease in blood glucose levels (p=0.02). Figure 4 shows the change 
in HbA1c values of the test group and the control group from baseline 

to after 12 weeks of intake. There was a statistically significant difference 
between the test food group and the control group (p=0.004). 

Table 3 shows the biochemical test index of each group. In both the test 

Index Group Before ingestion After ingestion p value

GLU (mg/ dl)
the test food group 179.88 ± 27. 73 146.82 ± 28.56 <0.01
the control group 170.81 ± 25.97 151.82 ± 24.21 <0.01

HbA1c (%)
the test food group 9.59 ± 1.50 8.19 ± 1.51 <0.01
the control group 9.20 ± 1.23 8.36 ± 1.39 <0.01

TG (mmol/l)
the test food group 1.82 ± 1.91 1.48 ± 1.40 NS
the control group 1.62 ± 0.78 1.63 ± 0.78 NS

CHO (mmol/l)
the test food group 4.76 ± 0.95 4.61 ± 1.16 NS
the control group 4.93 ± 0.77 5.40 ± 1.26 NS

GPT (u/ l)
the test food group 39.26 ± 5.81 40.53 ± 9.76 NS
the control group 39.20 ± 4.64 42.66 ± 10.90 NS

GOT (u/ l)
the test food group 36.86 ± 7.01 35.16 ± 10.73 NS
the control group 37.90 ± 9.35 41.76 ± 10.32 NS

Tbil (μmol/ l)
the test food group 16.30 ± 0.97 15.30 ± 1.96 NS
the control group 15.74 ± 1.03 15.39 ± 1.63 NS

Dbil (μmol/ l)
the test food group 3.13 ± 1.39 3.21 ± 1.03 NS
the control group 2.89 ± 0.64 3.47 ± 0.80 NS

BUN (mmol/l)
the test food group 6.37 ± 1.05 6.00 ± 1.45 NS
the control group 6.58 ± 0.92 6.69 ± 1.47 NS

Cr (μmol/ l)
the test food group 75.36 ± 18.01 79.36 ± 15. 15 NS
the control group 74.39 ± 19.09 79.60 ± 12.43 NS

Body weight (Kg)
the test food group 66.2 ± 11.15 65.23 ± 11.19 <0.01
the control group 65.66 ± 11.63 65.36 ± 11.76 NS

Systolic Blood Pressure 
(mmHg)

the test food group 141.93 ± 11.62 135.40 ± 9.15 <0.01
the control group 138.00 ± 10.87 132.50 ± 7.78 <0.01

Diastolic Blood pressure 
(mmHg)

the test food group 93.83 ± 6.78 89.00 ± 5.31 <0.01
the control group 91.83 ± 7.71 87.33 ± 5.68 <0.01

Table 3: Each index of the test food group and the control group. The biochemical test index of each group is reported. NS shows “not significant.”

and control food groups, blood glucose levels were statistically significant-
ly reduced within each group at the endpoint (12 weeks after ingestion) 
compared to before ingestion p<0.01. Additionally, blood pressure in both 
groups as well as body weight in the test food group showed statistically 

significant differences before and after ingestion. No significant difference 
appeared in other parameters.

From the results of each biochemical test index, it was found that liver and 
kidney dysfunction did not occur.
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Figure 3: Amount of change in the fasting blood glucose level in the test 
food and control groups. The reduction of blood glucose levels in the test 
food group and the control group is reported.  There was a statistically 
significant difference in the decrease in blood glucose levels (P=0.02).

 

Figure 4: Amount of change in HbA1c value in the test food and con-
trol groups. The change in HbA1c values of the test group and the control 
group from baseline to after 12 weeks of intake is reported. There was a 
statistically significant difference between the test food group and the con-
trol group (p=0.004)

Discussion
Recently, the number of patients with lifestyle related diseases such as 
metabolic syndromes like diabetes is increasing due to the westernization 
of eating habits and chronic lack of exercise. Many functional foods for 
the purpose of preventing metabolic syndrome have been developed, such 
as cholesterol reducing probiotics and blood glucose increase suppress-
ing biogenic products [12-14]. Blood glucose level is the concentration of 
glucose in the blood, which varies depending on various factors including 
diet, exercise, and stress, but is usually controlled by various hormones 
so as to be within a certain range. However, hyperglycemia occurs due to 
insulin secretion disorder or insulin resistance disorder. Insulin is the only 
hormone that lowers elevated blood glucose level caused by genetic factors 
or disorders resulting from lifestyle habits, and if the hyperglycemic state 
is left untreated, diabetes occurs. If someone is in a hyperglycemic state 
before they become diabetic, they may be able to return to a normal state 
by improving their lifestyle habits such as healthy eating, exercising and 
taking supplements [8-10].

In this study, we conducted a successful clinical trial to investigate the 
additional effect of lactic acid bacteria-producing substances on diabetic 
patients undergoing standard treatment with good results.

As a result of ridit analysis, there was a significant difference in the deter-
mination of effectiveness which indicates that the test food is significantly 
more effective in treating diabetes than the control food.

Both blood glucose and HbA1c levels showed significant differences be-
fore and after ingestion demonstrating that both test and control foods 
have therapeutic effects on diabetes.

Although there was no significant difference in the rate of decrease in tri-
glyceride and total cholesterol levels before and after ingestion in the test 
food group, it can be said that the test food still has the effect of lower-
ing triglyceride and total cholesterol levels. However, the control food not 
only had no effect on lowering triglyceride and total cholesterol levels, 
but rather the control group had higher levels. This may be due to patient 
selection criteria, which may require further research.

Since there were significant changes in blood pressure in both groups, the 
foods used in this study may have potential as an antihypertensive drug. 
The test food also helps reduce weight, which is a feature not found in the 
control food.

This clinical trial demonstrated that both the test food and control food 
have therapeutic effects on diabetes. The test food showed a significant ef-
fect on lowering blood glucose and HbA1c compared to the control food. 
Further studies are needed to determine the possibility that factors other 
than the duration of diabetes such as the patient's clinical condition, the 
presence or absence of treatment before the start of the study, the content 
of treatment, etc., may have influenced the outcome.

The improvement in clinical symptoms was remarkable in both the test 
food and the control food, especially in the gastrointestinal system. It im-
proved stool stiffness and eliminated the feeling of intestinal bloating in 
many patients.

This clinical trial revealed that the test food, LAB metabolites, regulates 
the intestinal flora in the body and promotes the absorption of nutrients. 
It also has the function of eliminating excrement. Not only that, it can 
boost immunity, regulate glucose and fat metabolism functions, and im-
prove quality of life for diabetics. LAB metabolites have the potential to 
be widely used for diseases of the heart, kidney and the immune system.

Thirty patients in the control group received Yuquan Pill made in China. 
Since this has a sugar lowering effect, it was thought that the efficacy of 
the test food could be confirmed by comparing this drug with the control 
food. Therefore, this study did not set the non-administration group (pla-
cebo group) for clinical and ethical reasons, and was a 3 month clinical 
trial using only these two groups.

In this study, clinical trials were conducted in a total of 60 diabetic pa-
tients with severe symptoms, 30 in the test food group and 30 in the con-
trol group. At the initial screening stage, the subjects were divided into 3 
groups of those having diabetes for 1 to 5 years (20 cases), 5 to 10 years (20 
cases), and 10 years or more (20 cases) in order to equalize the morbidity 
of the subjects. Therefore, there were many patients with HbA1c exceed-
ing 10. In fact, it would be difficult to discontinue previously prescribed 
Chinese herbs and conduct trials to determine the effectiveness of test 
foods in severely diabetic patients. Unlike advanced cancer, the condi-
tion of diabetes does not worsen rapidly. However, taking into account 
that the symptoms might not improve, it was decided that completely dis-
continuing the administration of the medicines that were used regularly 
could cause secondary problems and should not be done. There is also the 
possibility of a serious condition due to a rapid rise in blood sugar level. 
Therefore, we decided to conduct the test by having only diabetic patients 
with stable symptoms take test foods or control foods while continuing to 
take the traditional Chinese herbs.

Throughout the study period, patients were instructed to maintain con-
ventional physical activity and diet, but it is difficult to control them com-
pletely. However, in this study, we spent time selecting patients and only 



Citation: Seki S, Onodera Y,  Zhuo X Tanabe A, Iwahori Y, et al. (2022) Therapeutic Effects of "Lactic Acid Bacteria Metabolites: LAB Metabolites" for Diabetes Patients 
in China. J Gastrointest Dig Syst.12:707

Page 5 of 5

Volume 12 • Issue 9 • 1000707J Gastrointest Dig Syst, an open access journal
ISSN: 2161-069X

selected those who could comply with the doctor's instructions. From a 
total of 6 doctor consultations conducted every 2 weeks, the reliability of 
the data is considered to be high. There is a correlation between blood 
glucose levels and HbA1c levels, suggesting that it is not due to changes 
in diet or physical activity. The results showed that the efficacy of the test 
food group was 86.7% and that of the control group using Yuquan Pill was 
66.6%. Yuquan Pill is as a Chinese herbal medicine that has been imported 
to Japan and used widely. At the start of the study, there were patients 
whose triglycerides were 1.2 and 3.8 mmol/L in the test food group and 
4.3 and 13.5 mmol/L in the control group. This has a great influence on 
the statistical values, mean values and standard deviation before and after 
ingestion of each group. The reason is that triglyceride was not included as 
an element at the time of patient screening. Thus, it would not be neces-
sary to reanalyze the numbers excluding these patients. Hyperlipidemia is 
diagnosed when the triglyceride level is 150 mg/dl or higher. According to 
these diagnostic criteria, 7 out of 30 patients in the test food group and 9 
out of 30 patients in the control group developed hyperlipidemia, suggest-
ing a close relationship between diabetes and obesity.

Conclusion 
In this study, LAB metabolites were found to have a significant effect on 
lowering blood glucose and glycated hemoglobin compared to Yuquan 
Pill, and to have a therapeutic effect on diabetes. Additionally, no side ef-
fects were observed.
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