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Abstract: Dietary composition plays a vital role in the intervention and management of chronic 
metabolic diseases. This study evaluated the effects of a high-fiber diet on gut microbiota and glu-
cose regulation in patients with type 2 diabetes through a rigorously designed clinical intervention 
trial. Participants in the intervention group followed a personalized high-fiber diet continuously for 
12 weeks. The results showed a 16.8% reduction in fasting blood glucose and a 1.4% decrease in 
glycated hemoglobin (HbA1c). Additionally, the relative abundance of beneficial gut bacteria, such 
as Bifidobacterium, significantly increased. These findings indicate that a high-fiber diet can improve 
glucose metabolism by altering the composition of the gut microbiota. The study provides solid 
scientific evidence to support the refinement of nutritional strategies for diabetes management. 
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1. Introduction 
Type 2 diabetes mellitus (T2DM) is a widespread chronic metabolic disease that 

poses a serious threat to global public health [1]. According to the 2024 report by the In-
ternational Diabetes Federation (IDF), approximately 578 million adults worldwide are 
living with diabetes, and this number is expected to increase to 783 million by 2045. More 
than 90% of these individuals are diagnosed with T2DM [2]. Data from national epidemi-
ological surveys in China also reflect a concerning trend [3]. The Guidelines for the Pre-
vention and Treatment of type 2 Diabetes in China (2023 edition) state that the prevalence 
of diabetes among Chinese adults has reached 12.8%, with over 140 million cases, and this 
number continues to rise [4]. Lifestyle changes and an aging population further contribute 
to the growing risk [5]. A five-year prospective cohort study in Chinese communities 
found that for every 10-year increase in age, the incidence of T2DM rose by 48%. The 
pathogenesis of T2DM involves a combination of genetic, environmental, and behavioral 
factors, with insulin resistance and pancreatic β-cell dysfunction being the core features 
[6]. Persistent hyperglycemia can lead to serious chronic complications, including cardio-
vascular disease, diabetic nephropathy, retinopathy and neuropathy [7]. These complica-
tions significantly affect cc health and quality of life while placing a heavy burden on 
healthcare systems [8]. Evidence from the UK Prospective Diabetes Study (UKPDS) 
showed that a 1% reduction in glycated hemoglobin (HbA1c) could lower the risk of mi-
crovascular complications by about 35% [9]. In China, studies have found that complica-
tions account for more than 70% of the total healthcare costs for individuals with diabetes 
[10]. Standard treatments for T2DM include medication, exercise, and dietary manage-
ment. However, drug therapies are often associated with side effects, and their efficacy 
may diminish over time. Exercise can be effective but is difficult to maintain for patients 
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with limited mobility or poor adherence. Dietary management, therefore, plays a funda-
mental and irreplaceable role in T2DM care. A balanced diet can help regulate blood glu-
cose, improve insulin sensitivity and reduce cardiovascular risk [11]. A meta-analysis of 
ten randomized controlled trials found that dietary intervention could reduce HbA1c lev-
els by 0.5% to 1.0% in patients with T2DM. In recent years, increasing research has focused 
on the role of gut microbiota in the development of T2DM. As the largest microbial eco-
system in the body, the gut microbiota plays a crucial role in nutrient metabolism, im-
mune regulation and intestinal barrier function. In patients with T2DM, the composition 
and function of the gut microbiota are often disrupted, marked by a decrease in beneficial 
bacteria and an increase in harmful strains. This imbalance may impair the intestinal bar-
rier, induce inflammation, and alter metabolic outputs, further worsening insulin re-
sistance and glucose dysregulation [12,13]. A meta-analysis of genome-wide association 
studies (GWAS) from the MiBioGen consortium and the Dutch Microbiome Project (DMP) 
found that higher relative abundance of Prevotellaceae (odds ratio, OR = 1.0704) and 
Prevotella (OR = 1.0874) was linked to increased T2DM risk. Other studies have shown 
that the abundance of Bifidobacterium in T2DM patients was 30%–50% lower than in 
healthy individuals [14]. These findings support gut microbiota modulation as a promis-
ing target in T2DM treatment. Dietary fiber, a type of carbohydrate that cannot be digested 
by human enzymes, plays a key role in maintaining intestinal health. High-fiber diets can 
improve gut function by promoting motility, increasing stool volume, and lowering pH, 
thereby supporting the growth and metabolism of beneficial bacteria [15,16]. Existing 
studies have confirmed that high-fiber diets can alter the composition of the gut microbi-
ota, increase the production of short-chain fatty acids (SCFAs) and improve overall meta-
bolic function [17]. However, the mechanisms by which high-fiber diets regulate gut mi-
crobiota and glucose homeostasis in patients with T2DM remain incompletely understood. 
Further research in this area is essential for advancing both theoretical understanding and 
clinical application of dietary strategies in T2DM management [18]. 

International studies have provided substantial evidence supporting a close relation-
ship between gut microbiota and type 2 diabetes mellitus (T2DM) [19]. Cross-sectional 
analyses using high-throughput sequencing technologies have shown that T2DM patients 
exhibit altered ratios of Firmicutes to Bacteroidetes, accompanied by reduced abundance of 
beneficial genera such as Bifidobacterium and Akkermansia, and increased levels of poten-
tially harmful genera like Escherichia and Enterococcus [20]. In animal studies, transplant-
ing gut microbiota from T2DM patients into germ-free mice has been shown to induce 
insulin resistance and glucose metabolism disorders, offering strong support for a causal 
role of gut microbiota in T2DM pathogenesis [21]. Research on the impact of high-fiber 
diets on gut microbiota and T2DM has also advanced internationally. In some interven-
tion studies, T2DM patients received high-fiber foods or dietary fiber supplements, which 
led to increases in beneficial microbes, such as Bifidobacterium and Lactobacillus, along with 
improvements in metabolic markers like glycated hemoglobin (HbA1c) and fasting 
plasma glucose (FPG) [22]. For example, a randomized controlled trial administering 20 
grams of inulin daily for 12 weeks reported a twofold increase in Bifidobacterium abun-
dance and a 0.5% reduction in HbA1c [23]. Other studies have suggested that high-fiber 
diets may regulate hepatic glucose metabolism by modulating the production of short-
chain fatty acids (SCFAs), thereby helping to maintain glucose homeostasis [24]. 

In China, research in this area is also expanding. A study by Zhao Liping's team at 
Shanghai Jiao Tong University showed that high-complexity dietary fibers can selectively 
enrich specific SCFA-producing bacteria in the gut, and that the abundance and diversity 
of these bacteria are positively correlated with improvements in HbA1c among T2DM 
patients. Their findings suggest that restoring such microbial populations through nutri-
tional intervention could offer a new ecological strategy for diabetes prevention and con-
trol. Meanwhile, research led by Professor Wang Weiqing at Ruijin Hospital, Shanghai 
Jiao Tong University School of Medicine, indicated that the clinical efficacy of Akkermansia 
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muciniphila (AKK) in weight and glucose reduction depends largely on the baseline abun-
dance of this species. Only patients with low baseline AKK levels showed measurable 
metabolic benefits. Other domestic studies have examined the effects of different types of 
dietary fiber — such as soluble and insoluble fiber — on gut microbiota composition and 
metabolic indicators in T2DM patients [25]. These findings have added theoretical support 
for applying dietary fiber in diabetes care. One study on Chinese T2DM patients found 
that soluble fiber intake reduced fasting glucose by 1.2 mmol/L and increased the relative 
abundance of beneficial bacteria by 15% to 20% [26]. Despite the progress achieved both 
globally and in China, several challenges remain in this field. Significant variation exists 
among studies in terms of fiber type, dosage, and intervention duration, limiting the com-
parability of results. The causal pathways and specific mechanisms linking gut microbiota 
to T2DM have not been fully clarified. Moreover, the molecular basis by which high-fiber 
diets regulate gut microbiota to improve glucose homeostasis remains to be further inves-
tigated. In conclusion, the prevalence of type 2 diabetes continues to increase, as demon-
strated by IDF statistics and domestic epidemiological surveys, and it has become a major 
global health issue [27]. Traditional treatment approaches have certain limitations, while 
the gut microbiota plays a critical role in the disease’s pathogenesis. Variations in the rel-
ative abundance of different microbial groups are closely linked to disease onset. Alt-
hough some progress has been made in research on high-fiber dietary interventions, no-
table differences exist across studies in terms of intervention components. Under these 
circumstances, the present study focuses on the effects of high-fiber diets on gut microbi-
ota and glucose homeostasis in patients with type 2 diabetes. It aims to address existing 
gaps in research and provide more targeted and accurate nutritional strategies for clinical 
practice, with the goal of improving patient quality of life and easing the burden on 
healthcare systems. 

2. Materials and Methods 
This study enrolled 80 patients who met the diagnostic criteria for type 2 diabetes 

mellitus (T2DM) established by the World Health Organization (WHO) in 1999. The pa-
tients were between 45 and 65 years old, with a disease duration of 3 to 10 years. Exclusion 
criteria included: diagnosis of type 1 diabetes; use of antibiotics, probiotics, or prebiotics 
within the past three months; presence of severe hepatic or renal dysfunction, malignancy, 
gastrointestinal disorders, or other serious chronic conditions; and pregnancy or lactation. 
All participants signed informed consent before the study began. A randomized con-
trolled trial was conducted. Participants were randomly assigned to an intervention group 
or a control group, with 40 patients in each group. The control group received standard 
dietary counseling for diabetes, based on the 2013 guidelines from the Chinese Diabetes 
Society. This included a daily energy intake of 50%-65% from carbohydrates, 20%-30% 
from fats, and 15%-20% from proteins, with balanced distribution across three meals. The 
intervention group followed a personalized high-fiber diet in addition to the standard 
regimen. Fiber intake was adjusted individually based on body weight and physical ac-
tivity level, aiming for a total daily intake of 30 g, with a soluble to insoluble fiber ratio of 
approximately 1:2. The diet plans were developed by registered dietitians and empha-
sized increased intake of whole grains (such as oats, brown rice, whole wheat bread), veg-
etables (including broccoli, spinach, carrots), fruits (such as apples, bananas, oranges), and 
legumes (such as black beans, red beans, mung beans). The intervention lasted 12 weeks. 

To ensure adherence, the intervention group received individual dietary counseling 
before the trial, conducted by trained dietitians. Guidance included food selection, prep-
aration methods and strategies to meet nutritional needs while increasing fiber intake. 
Each participant was given a detailed food diary to record the type, quantity, and prepa-
ration method of all foods consumed each day. Dietitians reviewed the records weekly, 
provided personalized feedback, corrected dietary issues and adjusted the diet plans 
when necessary. Nutrition education sessions were held regularly during the intervention 
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period to improve participants’ understanding of dietary fiber and to support compliance 
[28]. Fasting blood and stool samples were collected from both groups at baseline and 
after 12 weeks of intervention. Fasting venous blood was used to measure fasting plasma 
glucose (FPG), glycated hemoglobin (HbA1c), and fasting insulin (FINS). These were an-
alyzed using an automated biochemical analyzer. The homeostasis model assessment of 
insulin resistance (HOMA-IR) was calculated as: HOMA-IR = FPG × FINS / 22.5 Stool sam-
ples were used for gut microbiota analysis. High-throughput 16S rRNA gene sequencing 
was used to evaluate bacterial composition and relative abundance at the genus level. 
Concentrations of short-chain fatty acids (SCFAs), including acetate, propionate, and bu-
tyrate, were measured using gas chromatography. 

Statistical analyses were performed using SPSS 22.0. Continuous data were expressed 
as mean ± standard deviation (𝑋𝑋 ± s). Within-group comparisons before and after the in-
tervention were performed using paired t-tests, while between-group comparisons used 
independent-sample t-tests [29]. Categorical data were expressed as percentages and com-
pared using the chi-square (χ²) test. A p-value < 0.05 was considered statistically signifi-
cant. Pearson correlation analysis was used to assess the relationships between bacterial 
abundance, blood glucose indicators, and short-chain fatty acid (SCFA) levels. 

3. Results and Discussion 
3.1. Effects of a High-Fiber Diet on Glycemic Indicators in Patients with Type 2 
Diabetes 

After the 12-week intervention, the mean fasting plasma glucose (FPG) level in the 
intervention group (n = 40) decreased from 9.5 ± 1.2 mmol/L at baseline to 7.9 ± 1.0 mmol/L, 
representing a 16.8% reduction. Paired t-test analysis confirmed that this change was sta-
tistically significant (p < 0.05). Glycated hemoglobin (HbA1c) levels also declined, from a 
baseline mean of 7.8 ± 0.6% to 6.7 ± 0.5%, corresponding to an absolute reduction of 1.4%, 
which was likewise statistically significant (p < 0.05). In contrast, patients in the control 
group (n = 40) showed only minor fluctuations in FPG and HbA1c levels before and after 
the intervention. Independent-sample t-tests revealed no statistically significant differ-
ences either within or between groups (p > 0.05). These findings indicate that high-fiber 
dietary intervention significantly improves blood glucose regulation in individuals with 
type 2 diabetes. The reduction in both FPG and HbA1c suggests improved glycemic con-
trol and better maintenance of glucose homeostasis. Compared with previous studies, the 
improvements observed in this trial were more substantial. For example, one overseas 
study involving inulin supplementation reported only a 0.5% decrease in HbA1c, whereas 
the present study achieved a 1.4% reduction (Table 1). 

Table 1. Effects of High-Fiber Dietary Intervention on FPG and HbA1c in Patients with Type 2 Dia-
betes. 

Group 
Sample 

Size 

FPG 
Before 

(mmol/L
) 

FPG 
After 

(mmol/L
) 

FPG 
Reducti
on (%) 

HbA1c 
Before 

(%) 

HbA1c 
After 
(%) 

HbA1c 
Reducti
on (%) 

P-value 
(FPG) 

P-value 
(HbA1c) 

Interven
tion 

Group 
40 9.5 ± 1.2 7.9 ± 1.0 16.8 7.8 ± 0.6 6.7 ± 0.5 1.4  < 0.05  < 0.05 

Control 
Group 

40 9.3 ± 1.1 9.1 ± 1.0 2.2 7.7 ± 0.5 7.6 ± 0.5 1.3  > 0.05  > 0.05 

In the experimental group, after receiving the high-fiber dietary intervention, the in-
sulin resistance index (HOMA-IR) decreased from a mean value of 3.8 ± 0.8 before the 
intervention to 2.6 ± 0.6. A paired t-test showed that the difference was statistically signif-
icant (p < 0.05). This result indicates that the high-fiber dietary intervention can effectively 
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relieve insulin resistance in patients with type 2 diabetes. In the control group, there was 
no significant change in HOMA-IR before and after the intervention (p > 0.05). As insulin 
resistance is one of the key pathological mechanisms in the onset of type 2 diabetes, a 
high-fiber diet helps improve insulin sensitivity. It promotes glucose uptake and utiliza-
tion in peripheral tissues and contributes to lowering blood glucose levels. Previous stud-
ies have shown that after insulin resistance is improved, the body’s glucose uptake capac-
ity can increase by 20% to 30% [30]. In this study, the effect of the high-fiber diet in im-
proving insulin resistance may further support positive development in glucose metabo-
lism among patients (Table 2). 

Table 2. Effect of High-Fiber Dietary Intervention on HOMA-IR in Patients with Type 2 Diabetes. 

Group 
Number of 

Cases 

HOMA-IR Before 
Intervention (mean 

± SD) 

HOMA-IR After 
Intervention (mean 

± SD) 
p Value 

Experimental 
Group 

40 3.8 ± 0.8 2.6 ± 0.6 <0.05 

Control Group 40 3.7 ± 0.7 3.6 ± 0.7 >0.05 

3.2. Effects of High-Fiber Diet on the Structure of Gut Microbiota 
Based on the analysis results from high-throughput 16S rRNA gene sequencing, the 

Shannon diversity index of gut microbiota in the experimental group (n = 40) increased 
from a mean of 3.2 ± 0.3 before the 12-week high-fiber dietary intervention to 3.6 ± 0.3 after 
the intervention. According to the paired t-test, the difference within the group was sta-
tistically significant (p < 0.05). This clearly shows that a high-fiber diet can significantly 
increase gut microbial diversity. In the control group, there was no significant change in 
the Shannon index before and after the intervention (p > 0.05). An increase in microbial 
diversity helps maintain the stability of the gut micro-ecosystem and strengthens the in-
testinal barrier [31]. This is important for maintaining gut health. Related studies have 
shown that a 10%–15% increase in microbial diversity can enhance the function of the 
intestinal barrier by around 20%. In this study, the increase in microbial diversity in the 
experimental group has positive implications for gut health (Table 3). 

Table 3. Comparison of Shannon Diversity Index Before and After High-Fiber Diet in Experimental 
and Control Groups. 

Group 
Number of 

Cases 

Shannon Index 
Before Intervention 

(mean ± SD) 

Shannon Index After 
Intervention (mean ± 

SD) 
p Value 

Experimental 
Group 

40 3.2 ± 0.3 3.6 ± 0.3 <0.05 

Control Group 40 3.1 ± 0.3 3.2 ± 0.3 >0.05 
At the genus level, the relative abundance of Bifidobacterium in the gut of patients in 

the experimental group increased significantly from a mean of 5.2 ± 1.0% before the inter-
vention to 8.5 ± 1.2% after the intervention. The difference was statistically significant ac-
cording to a paired t-test (p < 0.05). Bifidobacterium is an important type of probiotic. It 
plays a key role in regulating gut immunity, suppressing the growth of harmful bacteria, 
and promoting intestinal movement. Meanwhile, the relative abundance of Escherichia in 
the experimental group decreased from 12.5 ± 1.5% before the intervention to 9.0 ± 1.3% 
after the intervention. This change was also statistically significant (p < 0.05). Some strains 
of Escherichia can produce endotoxins, damage the intestinal barrier and trigger inflam-
matory responses. These effects are closely linked to the development of insulin resistance 
and type 2 diabetes. In the control group, there were no significant changes in the relative 
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abundance of Bifidobacterium or Escherichia before and after the intervention (p > 0.05). 
These results clearly indicate that a high-fiber diet can selectively promote the growth of 
beneficial bacteria and suppress harmful bacteria. This leads to a marked improvement in 
the structure of the gut microbiota. Compared with previous studies, the increase in the 
relative abundance of Bifidobacterium in this study is more noticeable [32,33]. For instance, 
one domestic study showed that soluble dietary fiber increased the abundance of benefi-
cial bacteria by 15%–20%, while in this study, the increase in Bifidobacterium exceeded that 
range (Table 4). 

Table 4. Relative Abundance of Key Gut Bacteria Before and After High-Fiber Intervention. 

Group 
Numbe

r of 
Cases 

Relative 
Abundanc

e of 
Bifidobacte

rium 
Before (%) 

Post-
treatment 
Relative 

Abundance 
of 

Bifidobacteri
um (%) 

Pre-
treatment 
Relative 

Abundance 
of 

Escherichia 
(%) 

Post-
treatment 
Relative 

Abundanc
e of 

Escherichia 
(%) 

p Value 
(Bifidoba
cterium) 

p Value 
(Escheri

chia) 

Experime
ntal 

Group 
40 5.2 ± 1.0 8.5 ± 1.2 12.5 ± 1.5 9.0 ± 1.3 <0.05 <0.05 

Control 
Group 

40 5.1 ± 1.1 5.3 ± 1.0 12.3 ± 1.4 12.0 ± 1.5 >0.05 >0.05 

3.3. Correlation Analysis Between Changes in Gut Microbiota and Glucose Homeostasis 
After processing the data using Pearson correlation analysis, it was found that in the 

experimental group, the relative abundance of Bifidobacterium in the gut was significantly 
negatively correlated with FPG (r = –0.65, p < 0.05), HbA1c (r = –0.62, p < 0.05) and HOMA-
IR (r = –0.68, p < 0.05). In other words, as the relative abundance of Bifidobacterium in-
creased, patients’ fasting blood glucose, glycated hemoglobin, and insulin resistance in-
dex all decreased significantly [31,32]. At the same time, the relative abundance of Esche-
richia showed significant positive correlations with FPG (r = 0.58, p < 0.05), HbA1c (r = 0.55, 
p < 0.05) and HOMA-IR (r = 0.60, p < 0.05). This indicates that the higher the relative abun-
dance of Escherichia, the worse the patients' glycemic control and the more severe the in-
sulin resistance [33]. These findings further confirm that changes in gut microbiota com-
position are closely linked to glucose homeostasis in patients with type 2 diabetes. A high-
fiber diet can regulate gut microbiota by increasing the relative abundance of beneficial 
bacteria and reducing that of harmful bacteria [34]. This can positively influence glucose 
metabolism and help maintain blood glucose balance. The correlation results of this study 
are highly consistent with the conclusions of several related studies both in China and 
abroad. This further supports the reliability and scientific basis of the present findings. 

4. Conclusion 
This study provides clear evidence that a high-fiber diet brings meaningful improve-

ments to patients with type 2 diabetes. After the 12-week intervention, participants in the 
dietary fiber group showed lower fasting blood glucose and HbA1c levels, as well as bet-
ter insulin sensitivity. These changes suggest that dietary fiber plays a helpful role in sup-
porting blood sugar control. In addition to metabolic improvements, the intervention also 
had a positive effect on the gut microbiota. The increase in beneficial bacteria such as 
Bifidobacterium and the decline in Escherichia point to a healthier microbial environment. 
A more diverse and balanced gut microbiome may be one of the key reasons why patients 
experienced better metabolic outcomes. From a practical perspective, this research sup-
ports the use of dietary fiber as part of daily care for people with type 2 diabetes. Whole 
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grains, fruits, vegetables, and legumes should be included regularly in meals, with atten-
tion to preparation methods and fiber distribution across the day. Clinical teams can use 
simple tools to assess nutrition and follow up on progress. Tracking changes in gut bacte-
ria over time may also help tailor dietary plans and improve long-term results. 
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