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Abstract 
Background: Insulin resistance and hepatogenic diabetes are common complications in patients with liver cirrhosis. Previous 
studies have shown that reducing the fasting phase by supplying a late evening snack (LES) is a potential intervention to improve 
substrate utilization and liver function. However, the underlying mechanisms need to be further elucidated. The purpose of current 
meta-analysis is to evaluate effects of LES on glucose homeostasis in cirrhotic patients.

Methods: Electronic databases including PubMed, Web of Science, and major scientific conference sessions were searched 
without language restriction and carried out on March 1, 2022 with an additional manual search of bibliographies of relevant 
articles. A total of 4145 studies were identified, and 10 studies were eligible for the meta-analysis, comprising 631 patients (319 
in the LES group and 312 in the non-LES group). Subgroup analyses were performed to investigate the effect of LES on cirrhotic 
patients with or without diabetes.

Results: Analysis showed that LES intervention had significant effects in cirrhotic patients for glycemic parameters on fasting 
plasma glucose, fasting insulin, and glycosylated hemoglobin respective effect sizes of −8.7, −0.86, and −0.76. Subgroup result 
revealed that the effect of LES on fasting plasma glucose is higher in cirrhotic patients with diabetes group than cirrhotic patients 
without diabetes group, and long-term LES supplementation (>2 months) was more beneficial to maintain glucose homeostasis 
in cirrhotic patients than that of short-term supplementation (<2 months). LES also had significant effect on nutritional metabolic 
parameters like including albumin and non-protein respiratory quotient.

Conclusion: Meta-analysis indicated that LES not only improved malnutrition in cirrhotic patients with or without diabetes but 
also maintain glucose homeostasis in cirrhotic patients with diabetes. LES is a promising and simple intervention that beneficial to 
maintain glucose homeostasis in cirrhotic patients.

Abbreviations: ALB = albumin, BCAA = branched-chain amino acid, CI = confidence interval, FINS = fasting serum insulin, 
FPG = fasting plasma glucose, HbA1c = glycosylated hemoglobin, HD = hepatogenic diabetes, HOMA-IR = homeostasis model 
assessment method for IR, IR = insulin resistance, LC = liver cirrhosis, LES = late evening snack, MD = mean difference, npRQ = 
non-protein respiratory quotient.
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1. Introduction
Liver cirrhosis (LC) has been a serious health problem with 
high morbidity and mortality rates across the world.[1] As an 
important organ responsible for energy and glucose metab-
olism in the human body, the liver plays an important role 

in glucose homeostasis.[2] Approximately 70% of cirrhotic 
patients are diagnosed with diabetes, 25% of patients have 
impaired glucose tolerance and only 4% have normal glucose 
tolerance.[3] Hepatogenic diabetes (HD)[4,5] and malnutrition[6] 
are common complications of LC. It is often ignored that 
chronic liver disease can cause diabetes mellitus known as 
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HD, which refers to the state of impaired glycemic regulation 
in patients with cirrhosis of liver as a result of the loss of liver 
function.[5]

Although the first-line therapy for type 2 diabetes mellitus is 
lifestyle modifications, including a hypocaloric diet and regu-
lar physical exercise, these are not always applicable in patients 
with HD. Most cirrhotic patients have various grades of mal-
nutrition that prevents them from consuming a hypocaloric 
diet, regularly. The characteristic of LC is accelerated hunger, 
and in the fasted state, the patient’s primary energy source 
changes from glucose to lipids. LES is recommended according 
to the European Society for Clinical Nutrition and Metabolism 
guidelines.[7] In China, it is recommended that cirrhotic patients 
should not fast for >12 hours, including overnight fasting. 
Patients with LC should eat 4 to 6 meals a day (3 meals + 3 
extra meals, including 1 at night).[8] This treatment can promote 
protein and energy absorption in the body and help to prevent 
sarcopenia.[9,10] Therefore, LES deserves in-depth study as a 
potential meal strategy. Researchers have previously demon-
strated LES was the benefit for liver function and malnutrition 
in cirrhotic patients.[11,12] However, the efficacy of LES supple-
mentation on blood glucose in cirrhotic patients with impaired 
insulin resistance (IR) or even HD is yet to be fully confirmed. 
Furthermore, existing guidelines do not provide a consensus on 
the dietary requirements for HD. Most previous studies were 
performed by adopting a single group pretest/posttest crossover 
analysis with a limited number of samples[13] and a lack of a 
randomized controlled group.[14] Therefore, the evidence pro-
vided by these studies is not reliable. In the present study, we 

conducted a meta-analysis to elucidate the control of LES on 
glucose homeostasis in cirrhotic patients.

2. Materials and methods
The protocol used for this review complies with PRISMA’s 
recommendation for meta-analysis. This study was registered 
with the PROSPERO database (http://www.crd.york.ac.uk/
PROSPERO), an international prospective register of systematic 
reviews. The registration number is CRD42022310854.

2.1. Search strategy

Potentially relevant studies were identified by searching PubMed, 
Web of Science, China National Knowledge Infrastructure, 
China Biology Medicine disc, China Science and Cochrane and 
Technology Journal Database to identify articles published up 
to March 1, 2022 using edictal medical subject heading terms 
and non-medical subject heading terms terms related to the 
topic. The key terms included “liver diseases,” “liver cirrhosis,” 
“hepatocellular carcinoma,” “liver failure,” “liver dysfunction,” 
“liver dysfunctions,” “late evening snack,” “nocturnal snack,” 
“nocturnal meal,” “evening meal,” “nocturnal,” “evening,” and 
“late-evening snack.” Moreover, all the databases were searched 
with no language or date limitation. The references of the 
included studies were also checked to identify possible addi-
tional studies (Fig. 1).

The outcome measures for meta-analysis were liver bio-
chemical data and blood glucose data related to LC, including 
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Figure 1. Flowchart of literature search and trial selection.
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albumin (ALB), non-protein respiratory quotient (npRQ), fast-
ing plasma glucose (FPG), glycosylated hemoglobin (HbA1c), 
fasting serum insulin (FINS) and homeostasis model assessment 
method for IR (HOMA-IR).

2.2. Selection of trials

Articles employed in this study that conformed to the following: 
study design: comparisons between LES and non-LES, study 
population: cirrhotic patients, with or without diabetes, and 
illustrated at least one of the outcome measures (FPG, HbA1c, 
blood glucose level). Studies were excluded from the analysis 
as follows: trials that did not provide original data, or the out-
comes of interest were not reported; letters, expert opinion, 
animal experiments, book sections, leading articles, and case 
reports; interventions were not LES; and experiment type was 
not a randomized controlled trial.

2.3. Data extraction

Two reviewers examined the eligibility and quality of the 
selected studies in an independent manner according to the 
inclusion and exclusion criteria.

2.4. Statistical analysis

Data analysis was conducted using the Review Manager, version 
5.3 statistical package (Cochrane Collaboration, Oxford, UK). 
A meta-analysis was performed according to the recommenda-
tions reported in the PRISMA guidelines. For continuous out-
comes, the results were presented as mean difference (MD) with 
a 95% confidence interval (CI) for dichotomous outcomes using 
risk ratios as the summary statistic.

The overall effects were measured using a Z score with sig-
nificance set at P < .05. A standardized MD of approximately 
(P > .05) indicated no statistical significance between the inter-
vention group and control group, while standardized MD 
values deviating from 0 (P < .05) were determined to be statisti-
cally significant. Statistical heterogeneity was evaluated using χ2 
and I2 tests with significance set at P ≤ .1. Values of P ≤ .1 and 
I2 > 50% were significantly heterogeneous. The random effects 
method was used to combine results if significant heterogeneity 

was observed; otherwise, the fixed effect method was used. 
Preplanned subgroup analyses were carried out according to 
combined HD (or not), intervention periods and LES content. 
To assess sources of potential bias, sensitivity analyses were per-
formed when required.

3. Results

3.1. Study selection and characteristics of the included 
studies

Ten studies[15–24] were employed in the meta-analysis and are 
summarized in Table 1. Ten studies were included in this analy-
sis that consisted of 631 patients (319 in the LES group and 312 
in the non-LES group). All 10 eligible studies were randomized 
controlled trial and 374 of the 631 cirrhotic patients were diag-
nosed with diabetes.

3.2. LES administration

3.2.1. Duration of LES administration. The characteristics 
of the LES administered in the 10 studies are listed in Table 2. 
In most cases, LES was administered between 10:00 PM and 1 
hour before bedtime. As shown in Table 2, the duration of LES 
administration was 2 consecutive weeks in 1 study, >2 months 
in most studies, and up to 6 months in 1 study.

3.2.2. Composition and dosage of the LES. As shown in 
Table  2, LES was investigated with regard to branched-chain 
amino acid (BCAA) in 4 studies, original food in 3 studies, lotus 
root starch in 1 study, low glycemic index foods in 1 study, 
and high dietary fiber foods in 1 study. The total of calories 
provided by LES were 200 to 210 kcal in most studies, only 1 
study provided up to 225 kcal, and 1 study did not provide the 
quantity of calories.

3.3. Study quality

The quality of these studies was assessed using the risk of bias 
method recommended by the Cochrane Collaboration. Several 
domains were assessed: allocation generation, allocation con-
cealment, the blinding of participants, personnel, and outcome 

Table 1

Characteristics of the studies included in this meta-analysis.

Study Year Region Diseases Group N Age (yr) Male/Female Study type 

Xie 2020 China LC with HD LES control 43 54.4 ± 4.6 34/9 RCT

42 54.4 ± 4.6 34/8
Takeshita 2009 Japan LC with HCC LES control 28 69.1 ± 8.2 19/9 RCT

28 70.6 ± 9.8 21/7
Nakaya 2007 Japan LC LES control 19 67.0 ± 9.0 13/6 RCT

19 67.0 ± 8.0 7/12
Ma 2020 China LC with HD LES control 68 68.0 ± 4.1 40/28 RCT

67 67.0 ± 4.1 35/32
Lin 2020 China LC with HD LES control 64 68.6 ± 2.6 38/26 RCT

65 68.4 ± 2.2 40/25
Ichikawa 2010 Japan LC LES control 12 66.2 ± 8.2 5/7 RCT

9 67.4 ± 9.9 5/4
Hou 2019 China LC LES control 39 51.0 ± 10.3 NA RCT

40 50.2 ± 11.7 NA
Hou 2021 China LC LES control 20 50.4 ± 9.02 16/4 RCT

20 51.8 ± 11.4 17/3
Harima 2010 Japan LC with HCC LES control 13 64.5 ± 9.5 11/2 RCT

10 66.4 ± 12.8 8/2
Dong 2019 China LC with HD LES control 13 57.2 ± 7.6 11/2 RCT

12 54.2 ± 6.4 10/2

HCC = , HD = hepatogenic diabetes, LC = liver cirrhosis, LES = late evening snack, RCT = randomized controlled trial.
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assessors, the completeness of outcome data, freedom from 
selective reporting, and freedom from other biases (Fig. 2).

3.4. Effects of LES on glucose homeostasis

3.4.1. FPG. Effects analysis of LES on the FPG in cirrhotic 
patients revealed that there was significant heterogeneity among 
the 10 studies (χ2 = 33.56, P = .0002, I2 = 73%) (Fig.  3A). 
To identify causes of heterogeneity, subgroup analysis was 
performed according to diabetes (with or without), treatment 
period and LES content.

3.4.1.1. Subgroup analysis of effects on FPG in LC (with 
and without diabetes). Six studies involving cirrhotic patients 
without diabetes and 4 trials showcasing cirrhotic patients with 
diabetes were compared (Fig. 4A). After subgrouping, the former 
group’s heterogeneity remained considerable whereas there was 
no significant heterogeneity in the latter, proving that diabetes’ 
presence or absence was not one of the reasons for variability. 
The 95% CI of the combined effect size for the group with 
diabetes was (−14.84, −9.61) while the 95% CI of the combined 
effect size of the group without diabetes was (−5.29, 14.23). 
The 95% CI for the 2 groups did not overlap, thus representing 
a statistically significant difference and an interaction between 
grouping factors and the combined effect size. Additionally, 
the pooled results of the group with diabetes were statistically 
significant, with a risk ratios < 0, which was consistent with the 
overall pooled results, thus indicating that LES improved FPG 
in the subgroup of cirrhotic patients with diabetes but did not 
significantly improve FPG in the subgroup without diabetes.

3.4.1.2. Subgroup analysis of the effects of different 
intervention periods on FPG. Three of the studies featured 
short-term LES (<2 months) compared to long-term LES (>2 
months) in the other studies. FPG in the long-term LES group 
was increased with high heterogeneity (I2 = 73%), although 
FPG in the short-term LES group was increased with no 
heterogeneity (I2 = 0%) (Fig. 4B). The differences between the 
groups was significant (P = .007). The changes in FPG following 
long-term LES outperformed those following short-term LES.

In the sensitivity analysis, the study of Hou[22] was excluded 
because the LES supplement time (6 months) was significantly 
longer than the other studies. The remaining studies had a sig-
nificant level of sample homogeneity (χ2 = 20.661, P = .007, 
I2 = 86.2%). These results showed that long-term LES could sig-
nificantly improve the FPG level in cirrhotic patients.

3.4.1.3. Subgroup analysis of the effects of different LES 
contents on FPG. Effects of BCAA and original food on FPG 
were compared among studies. As showed in Figure 4C, FPG in 
the original food group was increased with high heterogeneity 
(I2 = 70%), while FPG in the BCAA group was increased 

with low heterogeneity (I2 = 29%), there was significant 
difference between the 2 groups (P = .0009). Moreover, there 

Table 2

Late evening snack: type of supplement, calories and nutritional composition in each study.

Study Type Total calories Protein Carbohydrate Treatment period Snack time 

Xie Original food 210 kcal NA NA 2 wk 1 h before bedtime
Takeshita BCAA 210 kcal NA NA 3 mo 10:00 PM
Nakaya BCAA 210 kcal 13.5 g NA 5 wk 10:00 PM
Ma Original food 225 kcal NA 50.1 g 2 mo 1 h before bedtime
Lin Original food NA NA 50.1 g 6 mo 1 h before bedtime
Ichikawa BCAA 210 kcal 13.5g NA 3 mo 10:00 PM
Hou Lotus root starch 200 kcal 7 g 50.1 g 1 mo No statement
Hou Low glycemic index food 200 kcal 0.1 g 26.7 g 2 mo Before bedtime
Harima BCAA 210 kcal 13.5 g NA 3 mo 10:00 PM
Dong High dietary fiber food 200 kcal 5.5 g 39.5 g 3 mo 1 h before bedtime

BCAA = branched-chain amino acid.

Figure 2. Risk of bias summary of all studies.
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was a significant increasing of FPG in the original food group 
(P < .00001).

Sensitivity analysis was conducted to evaluate the robust-
ness of the effect, and the result showed the sensitivity was high 
(MD = −7.59, 95% CI [−12.70, −2.47]), the 95% CI for all arti-
cles was −8.07 (−12.33, −3.80).

3.4.2. HbA1c. Analysis of the effect of LES on the HbA1c in 
cirrhotic patients revealed significant homogeneity among the 
4 studies (χ2 = 8.37, P < .00001, I2 = 76%). Funnel plots and 
Egger tests showed that no publication bias existed among 
these studies (P = .53). MD fixed effect model analysis was 
−0.76 (95% CI [−0.85, −0.67]), these results indicated that LES 
substantially improved the HbA1c of patients with LC (Fig. 3B).

In the sensitivity analysis, the study by Dong[24] were excluded 
because the LES content was different from the other studies. 
The remaining studies had a significant level of sample homo-
geneity (χ2 = 2.18, P = .34, I2 = 8%), the MD from fixed effect 

model analysis was −7.6 (95% CI [−0.86, −0.66]). These data 
further confirmed that LES significantly improved the HbA1c 
levels in these patients.

3.4.3. FINS. Analysis of FINS data showed that the 4 included 
studies exhibited a high degree of sample heterogeneity (χ2 
= 8.52, P = .04, I2 = 65%). Random effects model analysis 
showed that the MD was −0.86 (95% CI [−1.31, −0.41]) 
(Fig.  3C). In the sensitivity analysis, the study by Harima[23] 
was excluded, because cirrhotic patients in this study had liver 
cancer. The remaining studies had a significant level of sample 
homogeneity (χ2 = 1.41, P = .49, I2 = 0%). The MD was −0.87 
(95% CI [−1.07, −0.68]) in fixed effects model analysis. This 
analysis showed that the administration of LES significantly 
improved the FINS of patients with LC.

3.4.4. HOMA-IR. Analysis of the HOMA-IR data showed that 
2 of the included studies exhibited a high degree of sample 

Figure 3. Meta-analysis of the changes in glucose homeostasis. (A) Comparisons of FPG between LES and control groups. (B) Comparisons of HbA1c 
between LES and control groups. (C) Comparisons of FINS between LES and control groups. (D) Comparisons of HOMA-IR between LES and control groups. 
FINS = fasting serum insulin, FPG = fasting plasma glucose, HbA1c = glycosylated hemoglobin, HOMA-IR = homeostasis model assessment method for insulin 
resistance, LES = late evening snack.
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heterogeneity (Q = 5.84, P = .02, I2 = 83%). In the random 
effects model analysis, the MD was 0.14 (95% CI [−1.65, 1.93]) 
(Fig. 3D). These analyses showed that the administration of LES 

did not significantly reduce the HOMA-IR of patients with LC. 
However, the number of studies was small and there was some 
deviation.

Figure 4. Meta-analysis of the changes in FPG in subgroups. (A) Subgroup analysis of the effects on FPG in LC with and without HD. (B) Subgroup analysis 
of the effects of different intervention periods on FPG. (C) Subgroup analysis of the effects of different LES contents on FPG. FPG = fasting plasma glucose, 
HD = hepatogenic diabetes, LC = liver cirrhosis, LES = late evening snack.
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3.5. Effects of LES on metabolism-related biochemistry

3.5.1. npRQ. Three studies compared npRQ levels between 
patients who were treated with or without LES. There was 
no significant sample heterogeneity in these studies (χ2 = 0.97, 
P = .62, I2 = 0%). Fixed effect analysis demonstrated the npRQ 
level in the LES group was significantly higher than that of the 
control group (MD = 0.04, 95% CI [0.03, 0.06]). These results 
indicated that the administration of LES significantly increased 
the RQ levels in patients with cirrhosis (Fig. 5A).

3.5.2. ALB. Analysis of ALB showed that the 7 studies had a 
significant level of sample heterogeneity (χ2 = 25.31, P = .0003, 
I2 = 76%) (Fig. 5B). This result indicated that the administration 
of LES significantly increased ALB levels in patients with LC. 
In the sensitivity analysis, the study by Harima[23] was excluded 
because cirrhotic patients had liver cancer. The remaining 
studies had a significant level of sample homogeneity (χ2 = 10.2, 
P = .07, I2 = 51%). MD was 2.65 (95% CI [1.21, 4.09]) in 
the random effects model analysis. This analysis showed that 
the administration of LES significantly improved the ALB of 
patients with LC.

4. Discussion
There is a strong association between liver diseases and diabe-
tes. As research increasing, the mechanisms of the interaction 
between liver disease and diabetes have been identified. On the 
one hand, LC could impair the metabolism of insulin and leads 
to secondary IR and hyperinsulinemia. The increase of gluca-
gon, growth hormone, insulin-like growth factors, and free fatty 
acids could exacerbate hyperinsulinemia. These abnormalities 
also affect IR in peripheral tissues and pancreatic β cells.[25] On 
the other hand, patients with impaired glucose tolerance and 
consequent diabetes can also cause further damage of liver func-
tion.[26] IR is a risk factor of the progression of liver fibrosis,[27] 
the development of hepatocellular carcinoma,[28] and leads to 
a reduction in survival time.[29] Indeed, in addition to its spe-
cialized role in glucose metabolism, insulin can also influence 
the production of cytokines,[30] growth factors[31] and inflam-
matory mediators.[32] Besides, insulin can influence the func-
tion of non-parenchymal hepatocytes, fibrogenesis[33,34] and 

the progression of liver disease.[35] Therefore, IR is an import-
ant therapeutic target in patients at any stage of chronic liver 
disease.[36]

As a result of impaired liver function, HD usually exhibits 
specific clinical characteristics and is closely linked to hypogly-
cemic episodes, but has a less association with risk factors such 
as age, body mass index and a family history of diabetes. This 
is due to the fact that chronic liver illness, rather than a genetic 
predisposition, caused the diabetic state. HD is caused by both 
β-cell dysfunction and decreased insulin sensitivity. Additionally, 
it was discovered that cirrhotic patients caused by hepatitis B 
had decreased insulin secretion.[37]

The key factors contributing to a poor prognosis in cirrhotic 
patients include altered nutrition, energy, and glucose metab-
olism, including elevated levels of FPG and fat oxidation, 
decreased glucose oxidation, and protein-energy malnutrition. 
In addition to improving the metabolic imbalance of degraded 
protein and fat oxidative energy supply in cirrhotic patients, 
LES reduces the physiological fasting time at night, which also 
prevents hypoglycemia the next morning. However, it is unclear 
that whether this LES approach is appropriate for HD patients.

The aim of this meta-analysis was to investigate whether LES 
helps cirrhotic patients maintain glucose homeostasis. This is 
the first study that utilizes a systematic review and meta-analysis 
to investigate how LES affects blood glucose management in 
cirrhotic patients. Results showed that taking LES significantly 
reduced FPG levels in patients with HD. It’s probable that LES 
prevented a single diet from exerting more pressure than the 
islet B cells could handle, keeping blood glucose levels in check. 
It was possible to prevent hypoglycemia symptoms and increase 
patients’ energy metabolism when blood glucose levels dropped 
in late night fasting. In cirrhotic patients without diabetes, FPG 
levels did not significantly improve, this could be because dys-
glycemia was not yet developed. It is possible that LES avoided 
the burden of a single diet exceeding the work of islet B cells, 
so that blood glucose was not too high. When blood glucose 
decreased, prolonged fasting was avoided, thus avoiding hypo-
glycemic reactions and could improve energy metabolism in 
patients. FPG levels were not significantly improved in cirrhotic 
patients without diabetes, this may be due to the fact that dys-
glycemia had yet to develop. In addition, FINS and HbA1c lev-
els were shown to be reduced in cirrhotic patients after taking 

Figure 5. Meta-analysis of the changes in nutrient metabolism. (A) Comparisons of npRQ between LES and control groups. (B) Comparisons of ALB between 
LES and control groups. ALB = albumin, LES = late evening snack, npRQ = non-protein respiratory quotient.
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LES. This demonstrates that LES can improve abnormalities in 
glucose tolerance and glucose homeostasis in cirrhotic patients.

Protein-energy malnutrition is often observed in cirrhotic 
patients. When the energy metabolism of cirrhotic patients is 
measured using indirect calorime npRQ decreases as the sever-
ity of LC increases.[38] NpRQ refers to the ratio of the amount 
of CO2 released by the patient during breathing to the amount 
of O2 absorbed per unit time, that is, the respiratory quotient 
measured when sugars and lipids are substrates for oxidative 
decomposition, npRQ are able to reflect the oxidative energy 
supply of proteins when sugars and lipids are insufficiently sup-
plied.[39] The present meta-analysis showed that npRQ improved 
better in the LES group than that of the non-LES group after 
the intervention. It is suggested that supplying LES shorten the 
fasting time at night, prolong the energy supply time of carbo-
hydrates and lipids, improve the metabolic imbalance of decom-
posed protein and fat oxidation energy supply, and thus steadily 
maintain glucose homeostasis of cirrhotic patients.

In the present study, it was found that nutrient supplement with 
200 to 210 kcal was both rich and optimal as a LES for cirrhotic 
patients. With regards to the formula and dosages of LES, this 
meta-analysis could not provide sufficient evidence to support the 
application of LES that are rich in BCAA. In previous studies, 
BCAA was more suitable for LES supplementation to improve 
muscle mass and the major cirrhosis-related events of cirrhotic 
patients.[40,41] However, in this study, original food was signifi-
cantly superior to BCAA in terms of improving FPG for cirrhotic 
patients with diabetes. Subgroup result provided that a long-term 
supplementation intervention. Results showed that long-term 
administration is preferable to short-term administration.

Present study demonstrated the impact of LES adminis-
tration on glucose homeostasis in cirrhotic patient with or 
without diabetes. Some suggestions are recommended for the 
clinical healthcare system. It is important for healthcare pro-
viders to establish a diet plan for patients with liver diseases, 
especially patients with LC, and the progression of glucose 
homeostasis should be regularly followed up. A multidis-
ciplinary team will be useful to carry out a comprehensive 
healthcare plan of nutrition for patients with liver diseases. It 
is also important to develop education programs for patients 
and caregivers with regards to eating times and food content. 
However this meta-analysis may have been influenced by 
the ethnicity of the pooled population (derived mainly from 
Japanese and Chinese patients). Furthermore, the major etiol-
ogy of LC was hepatitis C virus infection for Japanese, while 
hepatitis B virus infection for Chinese. The effects of LES can 
be influenced by additional factors which should be investi-
gated further in future.

5. Conclusion
LES can effectively maintain glucose homeostasis in cirrhotic 
patients with diabetes and improve malnutrition in cirrhotic 
patients. Long-term LES supplementation (>2 months) is more 
beneficial for glucose homeostasis in cirrhotic patients than that 
of short-term supplementation (<2 months). In addition, LES of 
original food is a better complement than LES of BCAA with 
regards to controlling glucose homeostasis.
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