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Abstract

Background

With the high prevalence of diabetes worldwide and the known benefits of functional
foods in controlling diabetes, this study aimed to explore the connection between
prebiotic food intake and biochemical indices in diabetic patients.

Methods

This cross-sectional study was conducted on 504 participants with type 2 diabetes
who were part of the Sabzevar Persian Cohort study that was initiated in February
2018. A 148-items food frequency questionnaire was utilized to assess the daily
amount of prebiotic food consumption. Blood serum samples were collected from
participants to measure fasting blood sugar levels, lipid profile, and kidney function
indicators. Additionally, anthropometric measurements were taken following standard
protocols. Statistical analyses were performed using SPSS version 20, with correla-
tion tests adjusted for confounders, and significance set at p<0.05.

Results

This study involved 44.9% male and 55.1% female participants, with an average
age of 54.81+7.65 years. A significant correlation was observed between soybean
consumption and serum low density lipoprotein (LDL) status (R=-0.110, P=0.014).
Moreover, a higher intake of banana was linked to lower blood urea nitrogen (BUN)
levels (R=-0.109, P=0.015). Furthermore, the consumption of honey exhibited a
negative association with both systolic blood pressure (BP) (R=-0.106, P=0.018)
and diastolic BP (R=-0.132, P=0.003). Green peas intake was also inversely asso-
ciated with DBP (R=-0.092, P=0.039).
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Conclusion

This study found a positive correlation between the regular intake of prebiotic foods

and improved management of BUN, LDL, and BP in individuals with type 2 diabetes.
However, further mechanistic studies are necessary to better understand the poten-
tial causal effects of prebiotic foods on metabolic health in this population.

Introduction

Type 2 diabetes is a metabolic disorder characterized by elevated blood glucose
levels, insulin resistance, or relative insulin deficiency [1]. Worldwide, diabetes is

one of the main leading causes of morbidity and mortality. Globally, around 7.7% of
adults between the ages of 25 and 64 have been diagnosed with type 2 diabetes,
with projections estimating that this number could rise to 592 million by the year 2035
[2]. In Iran, 40% of deaths occurred due to type 2 diabetes [3], and it is estimated that
approximately 9.2 million of Iranian population suffered from diabetes by 2030 [4].
Diabetes along with the complications caused by the disease, increase the economic
burden of societies to approximately 1.8% of gross domestic product (GDP) [5]. In
USA, the health care expenditure on diabetes was reported 412.9 dollars in 2022 [6].

Diabetic patients experience elevated blood glucose levels in their bodies, leading
to the spontaneous oxidation of body sugars. This process results in the production
and accumulation of reactive oxygen species (ROS) and advanced glycosylation end
products (AGEs) within their bodies [7,8]. These oxidative and inflammatory con-
ditions contribute to insulin resistance, which is a key factor in the development of
complications associated with type 2 diabetes [9]. Furthermore, the disrupted meta-
bolic patterns and heightened levels of inflammatory markers in diabetic patients play
crucial roles in the pathogenesis of macro vascular complications [10].

The pathogenesis of diabetes is complex and various genetic and environmental
factors are involved. A healthy lifestyle involving adequate physical activity and healthy
diet are contributed to low risk of diabetes occurrence [11]. A diet rich in whole grains
that consists a high amounts of fiber, and low saturated fat is associated with reduced
risk of diabetes by 18% [12]. Further, regular legume consumption may play an effec-
tive role in reducing the levels of fasting blood glucose (FBG), glycated hemoglobin
(HbA1c), and 2-hour post prandial glucose in diabetic patients [13]. Mostly a healthy
diet is rich sources of foods with low glycemic index (Gl) including whole grains,
legumes, and vegetables that are high in various prebiotics contents [14].

Prebiotics are indigestible substances that aren’t broken down in the upper diges-
tive tract but are fermented by bacteria in the large intestine. The most important
prebiotics are fructo-oligosaccharides (FOS), Insulin, and galacto-oligosaccharides
(GOS). Sources of prebiotics include seeds, whole grains, legumes, chicory root,
artichokes, onions, garlic, and certain vegetables [15]. These foods can promote the
growth of beneficial bacteria like bifidobacteria and lactobacilli in the gut, leading to
positive changes in gut microbiota metabolism and function. Additionally, increasing
dietary fiber intake through prebiotics may trigger satiety hormones, aiding in appetite

PLOS One | https://doi.org/10.1371/journal.pone.0332029 October 1, 2025 2/10




PLO\Sﬁ\\.- One

control and potential weight management [16,17]. Furthermore, a healthy balance of gut microbiota is related to low risk of
obesity and metabolic related disorders [18].

Several studies have demonstrated that FOS intake can reduce FBG, cholesterol, and blood pressure levels [19,20].
For example, Bock et al. reported that probiotic and prebiotic supplementation in diabetic patients reduced FBG, total cho-
lesterol, and triglycerides, though no significant effect was observed on HbA1c [21]. While substantial evidence supports
the effects of probiotics and synbiotics on biochemical indices, limited studies have specifically investigated the associa-
tion between the regular consumption of natural prebiotic foods and multiple metabolic parameters [22—-24].

Importantly, previous studies have primarily focused on glycemic control, inflammatory markers, or gut microbiota
changes, often with limited sample sizes or study durations. In contrast, the present study aims to fill this research gap
by evaluating the correlation between the intake of various prebiotic foods including soybeans, banana, green peas, and
honey—and a broader range of biochemical indicators such as blood urea nitrogen (BUN), low-density lipoprotein (LDL),
and blood pressure in a large cohort of individuals with type 2 diabetes. Given the high prevalence of type 2 diabetes and
variations in gut microbiota across populations, this research offers novel insights into the role of dietary prebiotics in man-
aging kidney function and cardiovascular risk factors in diabetic patients.

Methods and materials

This cross-sectional study was conducted on the individuals referred to the Sabzevar Persian Cohort Center. Totally, 4242
subjects over the age 35 years were participated in the Sabzevar Persian Cohort study that was initiated in February
2018. Among them, 590 subjects were diagnosed with diabetes, . The inclusion criteria included adult patients with the
age range of 35—70 years and a history of diabetes for at least two years (in order to definitively diagnose the disease by
specialist), while the exclusion criteria encompassed patients with gastrointestinal or kidney diseases and individuals who
were using probiotics, prebiotics, or synbiotics supplements. All participants were asked to sign informed consent forms. It
was explained to all the subjects that the information obtained from them will remain confidential and will be used only for
conducting the study.

At baseline, the 148-item food frequency questionnaire (FFQ) was utilized to assess daily prebiotic food consump-
tion, including items such as garlic, onion, honey, apple, banana, tomato, wheat, soybean, lentils, beans, and green
peas [25]. The quantities of these prebiotic foods were recorded in grams per day. Additionally, 5 cc of blood serum were
collected for enzymatic analysis of fasting blood sugar (FBS), triglycerides (TG), total cholesterol (TC), and high-density
lipoprotein-cholesterol (HDLc) levels. Commercial kits from Pars Azemoon Co., Tehran, Iran, and a Hitachi 717 auto-
analyzer from Boehringer Mannheim Diagnostics, Mannheim, Germany, were employed for this analysis. Serum low-
density lipoprotein cholesterol (LDL-c) levels were estimated using the Friedewald equation [26].

Participants’ body weight was measured with minimal clothing and without shoes, using a SECA digital scale with an
accuracy of 100 grams. Height was measured using a non-expandable tape measure mounted on the wall with an accu-
racy of 0.1cm, in a standing position without shoes, while the shoulders were in a normal condition. The Body Mass Index
(BMI) was calculated using the formula of weight (in kilograms) divided by the square of height (in meters). The proto-
col of this study has been approved by the ethics committee of Sabzevar University of Medical Sciences (IR.MEDSAB.
REC.1401.83).

Statistical analysis was performed using SPSS version 20. The normality of data was assessed using the Shapiro—
Wilk test. Depending on data distribution, Pearson or Spearman correlation tests were applied to evaluate relationships
between prebiotic food intake and biochemical markers. Missing data were minimal; participants with incomplete data for
key variables were excluded from respective analyses to ensure data integrity. All analyses were adjusted for potential
confounders including age, gender, age at diabetes diagnosis, BMI, and history of hypertension. Results were presented
as mean = standard deviation (SD), with correlation coefficients, and p-values. A p-value <0.05 was considered statistically
significant.
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Results
Study subjects

From 590 subjects who were diagnosed with diabetes, 504 patients were eligible to participate in the study. Totally, 56

people had a history of less than 2 years of disease, 15 people had kidney disease, and the rest had provided incomplete

data.

In this cross-sectional study, 43.8% (221 individuals) of the participants were male, while 56.2% (283 individuals) were
female. The demographic and anthropometric characteristics of the study participants can be found in Table 1. The mean

age was 54.81+7.65 years with a BMI of 29.37 +4.74 kg/mZ.

Prebiotic foods intake

As indicated in Table 2, tomato was the most consumed prebiotic food, with subjects consuming an average of

168.55+5.15 grams per day. In contrast, garlic had the lowest consumption levels as a prebiotic food, with an average

intake of 1.44 +0.10 grams per day (Table 2).

Table 1. Demographic and anthropometric characteristics of study participants (N=504).

Variables Mean SD
Age (years) 54.81 7.65
Gender' Male 221 43.8
Female 283 56.2
Age of diabetes diagnosis (years) 47.06 9.65
History of high blood pressure’ Yes 245 48.6
No 259 51.4
Height (cm) 162.07 8.98
Body weight (Kg) 75.22 13.81
Waist circumference (cm) 96.80 10.23
Hip circumference (cm) 105.39 8.25
Body mass index (kg/m?) 29.37 4.74

“Expressed by number (percent).

https://doi.org/10.1371/journal.pone.0332029.t001

Table 2. Daily consumption of prebiotic foods by participants (grams) (n=504).

Variables Mean SE

Garlic 1.44 0.10
Onion 82.15 2.26
Honey 1.86 0.16
Apple 106.53 4.94
Banana 6.03 0.41
Tomato 168.55 5.15
Wheat 12.50 0.92
Soybean 2.35 0.19
Lentils 12.12 0.73
Beans 7.41 0.37
Green peas 4.54 0.33

https://doi.org/10.1371/journal.pone.0332029.t002
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Biochemical characteristics

In Table 3, the biochemical levels of the study subjects are presented. It is notable that the FBS level was outside the
normal range, with a measurement of 173.37 £70.51 mg/dL. However, the levels of other biochemical markers were within

normal ranges.

Association of prebiotic foods with biochemical indices

Analysis in Figure 1 revealed significant associations between banana and BUN levels (R=-0.109, P=0.015)

(Fig 1(a)). Additionally, higher intake of soybean was linked to lower LDL status (R=-0.110, P=0.014) (Fig 1(b)).
Notably, honey consumption showed inverse correlations with both SBP (R=-0.106, P=0.018) and DBP (R=-0.132,
P=0.003) (Fig 1(c and d)). Furthermore, there was an inverse association between greanpeas intake and DBP level

(R=-0.092, P=0.039) (Fig 1(e)).

Discussion

The findings of this cross-sectional study involving diabetic patients from the Sabzevar Persian Cohort study revealed
a significant negative association between soybean intake and serum LDL. Additionally, a negative correlation was
observed between banana consumption and BUN levels. Moreover, the consumption of honey was found to be inversely
associated with SBP and DBP. The negative association was also detected between green peas intake and DBP levels.

The study has shown that a high intake of soybeans was associated with lower serum LDL levels.

Previous studies have demonstrated the potential benefits of soy consumption on lipid profile of various populations.
A meta-analysis of 46 randomized control trials has reported a reduction in TG, TC, and Apo-B, and LDL levels in post-
menopausal women by consumption of soy [27]. A same report was also shown in Baranska et al., study that was done
on 2305 postmenopausal women [28]. A meta-analysis on diabetic patients has shown that both soy protein and extracted
isoflavone intake can effectively reduce lipid profile, but not FBG [28]. Yang et al., has also not detected any association
between soy intake and serum glucose levels [29]. Inversely, a meta-analysis on 8 trials revealed significant changes in
FPG, fasting serum insulin, and HbA1C, as well as TG, TC, LDL, and HDL by soy supplementation [30]. Other research
studies have reported positive effects of soy consumption on inflammatory factors [31,32]. The inconsistencies in the
results could be attributed to differences in the levels and duration of soy intake, as well as the baseline serum lipid indi-
ces concentrations of the subjects. Various mechanisms may contribute to the effects of soybean intake on lipid profile.
These include the impact of soy consumption on lipid metabolism, blood pressure reduction, activation of ACE-inhibitory
pathways, inflammation regulation, and tyrosine kinase inhibition, among others [15,33-34—]. Moreover, the structural

Table 3. Serum levels of biochemical variables and blood pressure of study subjects (n=504).

Variables Mean SD
FBS (mg/dL) 173.37 70.52
TG (mg/dL) 173.11 111.74
Chol (mg/dL) 185.56 4578
HDL (mg/dL) 51.81 10.51
LDL (mg/dL) 101.06 36.45
Cr (mg/dL) 1.12 0.24
BUN (mg/dL) 14.43 4.13
GFR (ml/min/1.73m?) 82.26 15.96
SBP (mmHg) 112.75 15.42
DBP (mmHg) 72.11 9.4

https://doi.org/10.1371/journal.pone.0332029.t003
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Fig 1. The correlation of prebiotic foods with biochemical indices, (a): Banana and BUN (R=-0.109, P=0.015). (b): Soybean and LDL (R=-0.110,
P=0.014). (c): Honey and SBP (R=-0.106, P=0.018). (d): Honey and DBP (R=-0.132, P=0.003). (e): Greanpeas and DBP (R=-0.092, P=0.039). All
the analysis was adjusted for BMI, age, gender, has HTN, and DM start age as the confounders.

https://doi.org/10.137 1/journal.pone.0332029.g001

similarity between soy isoflavones and endogenous 17-B-estradiol suggests that isoflavones, by binding to estrogen
receptors, lead to gene activation and beneficial effects on glucose and lipid metabolism [35]. Overall, it can be inferred
that maintaining a diet high in soybean consumption could be beneficial in reducing LDL prior to the development of car-
diovascular disorders in diabetic patients.

Honey intake was related to lower SBP and DBP in current study. In line with our study, intake of 20 ml honey by 100
participants was found to be linked to lower SBP and DBP [36]. Another research paper on 50 healthy female subjects
has reported that consumption of 20 ml honey has a negative association with SBP [37], although the exact mechanism
behind this remains unknown. However, contrary to our findings, in a study on 60 Iranian healthy male subjects there was
no significant association between daily intake of 70 gram honey for 6 week and SBP or DBP. The limited sample size of
this study may have influenced this outcome [38]. Further, a systematic review study has investigated that honey intake
has not any beneficial effects on metabolic indices of healthy subjects, as well as high intake of honey may increase
serum glucose status among diabetic patients [38]. The results of this study may be due to high heterogeneity, so it was
not possible to perform meta-analysis on the results. Taken altogether, the differences in the mentioned results may be
related to the type of consumed honey and also the amount of fructose and the ratio of fructose to glucose in honey. The
existence of food adulteration and the addition of fructose to honey cause intervention in the natural nature of this food
and it therapeutic properties. The relationship between fructose intake and increased serum triglycerides has been proven
in past studies. Also, increasing the amount of fructose in honey increases its glycemic index, which itself causes the lack
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of control of blood sugar and metabolic factors in people with diabetes [39,40]. More extensive studies are needed to
determine the exact mechanism of blood pressure control thorough honey intake among diabetic patients. Honey is a nat-
ural product that is rich in trace elements, such as various antioxidants, zinc, copper, and other unidentified substances.
The presence of nonabsorbable and alcoholic sugars in honey results in the production of high prebiotic compounds.
Furthermore, the antioxidant content of honey, including quercetin, caffeic acid phenethyl ester, kaempferol, acacetin,

and galangin, may play a role in improving blood pressure [41]. The cardio-protective benefits associated with honey may
be attributed to its significant role in reducing markers of cardiac damage, such as creatine kinase-MB (CK-MB), lactate
dehydrogenase (LDH), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) [42,43].

Banana consumption was related to lower BUN levels in this study. There is not enough literature to evaluate the
effects of banana intake on renal function of diabetic patients. In an animal study on 30 male rats has shown that con-
sumption of dried banana male bud is contributed to elevation of kidney function including uric acid and urea nitrogen
[44]. In rats with type 1 diabetes, green banana intake has beneficial effects on liver function and lipid profile. This study
has not reported any variation in serum creatinine status after consumption of banana by rats [45]. A human study has
reported that daily intake of 250 and 500 grams of banana for 4 weeks among diabetic patients was associated with
plasma adiponectin, but not lipid profile, kidney and liver function parametes, or blood glucose [46]. Banana, as a func-
tional food is a main source of flavonoids and indigestible fractions that are contributed to beneficial effects on gut regula-
tion and appetite control [47]. Mechanisms remain to be elucidated.

The negative association of green peas intake and DBP levels was shown in this study. In line with our study, another
study that was done on 4680 US adults with an age range of 40-59 years has reported an inverse association between
green peas intake and blood pressure [48]. Both the soluble and insoluble fiber contents in green peas may contributes to
improving endothelial vasodilation, angiotensin balance, and consequently reduced BP levels [49]. Future investigations
should delve deeper into the effects of green peas intake on DBP, taking into account factors such as the subjects’ dietary
pattern, initial energy intake levels, and the composition of their basic intestinal microflora.

Although, the large sample size of this study is a main strength, there is some limitation that should be noted. Consid-
ering that a food frequency questionnaire was used to determine the intake of prebiotic foods, underreporting and over-
reporting of participants are common, especially in people with abnormal BMI. Further, measurement of serum insulin
and HbA1c levels could be helpful in obtaining more reliable results, which was not possible for us due to the budget
constraints.

Conclusion

In conclusion, this study found a positive association between the consumption of prebiotic foods such as soybeans,
banana, green peas, and honey and improvements in lipid profile, kidney function, and blood pressure in diabetic patients.
However, these findings do not establish causality. Further research is warranted to determine the optimal daily intake of
prebiotic foods and to explore the underlying mechanisms responsible for these effects.

Supporting information

S1 Data. Dataset.
(SAV)

Author contributions
Conceptualization: Maral Nabaee, Saba Shourideh Yazdi.
Data curation: Maral Nabaee.

Formal analysis: Rahil Mahmoudi, Elaheh Foroumandi.

PLOS One | https://doi.org/10.1371/journal.pone.0332029  October 1, 2025 7/10



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0332029.s001

PLO\Sﬁ\\.- One

Methodology: Rahil Mahmoudi, Mahboubeh Neamatshahi.
Project administration: Elaheh Foroumandi.

Resources: Akram Kooshki, Mahboubeh Neamatshahi.

Supervision: Elaheh Foroumandi.

Validation: Elaheh Foroumandi.

Visualization: Maral Nabaee, Akram Kooshki, Saba Shourideh Yazdi.
Writing — original draft: Rahil Mahmoudi, Akram Kooshki, Saba Shourideh Yazdi, Mahboubeh Neamatshahi.
Writing — review & editing: Elaheh Foroumandi.

References

1. Roden MPK, Shulman GlI. Insulin resistance in type 2 diabetes. Textbook of diabetes. 2024;238—-49.

2. DeFronzo RA. Insulin resistance, lipotoxicity, type 2 diabetes and atherosclerosis: the missing links. The Claude Bernard Lecture 2009. Diabetolo-
gia. 2010;53(7):1270-87. https://doi.org/10.1007/s00125-010-1684-1 PMID: 20361178

3. Jafarvand EAA, Edalati S. Epidemiology and death trends due to diabetes in Iran. Internal Med Today. 2021;27(2):198-213.

4. Esteghamati A, Aghajani MH, Ghaemi F, Kermanchi J, Shahrami A, Saadat M, et al. Diabetes in Iran: prospective analysis from first nationwide
diabetes report of National Program for Prevention and Control of Diabetes (NPPCD-2016). Scientific Reports. 2017;7(1):13461. https://doi.
org/10.1038/s41598-017-13729-0

5. Bommer C, Heesemann E, Sagalova V, Manne-Goehler J, Atun R, Barnighausen T, et al. The global economic burden of diabetes in adults aged
20-79 years: a cost-of-illness study. Lancet Diabetes Endocrinol. 2017;5(6):423-30. https://doi.org/10.1016/S2213-8587(17)30097-9 PMID:
28456416

6. Parker ED, Lin J, Mahoney T, Ume N, Yang G, Gabbay RA, et al. Economic Costs of Diabetes in the U.S. in 2022. Diabetes Care. 2024;47(1):26—
43. https://doi.org/10.2337/dci23-0085 PMID: 37909353

7. Foroumandi E, Alizadeh M, Kheirouri S. Dietary quality index is negatively associated with serum advanced glycation end products in healthy
adults. Clin Nutr ESPEN. 2020;36:111-5. https://doi.org/10.1016/j.clnesp.2020.01.007 PMID: 32220353

8. Schalkwijk CG, Micali LR, Wouters K. Advanced glycation endproducts in diabetes-related macrovascular complications: focus on methylglyoxal.
Trends Endocrinol Metab. 2023;34(1):49-60. https://doi.org/10.1016/j.tem.2022.11.004 PMID: 36446668

9. Pathan AS, Diwane SA, Jain PG, Pandagale PM, Ahire ED. Functional foods in prevention of diabetes mellitus. Applications of functional foods in
disease prevention. Apple Academic Press. 2024. p. 139-64.

10. Zuzarte M, Girao H, Salgueiro L. Aromatic Plant-Based Functional Foods: A Natural Approach to Manage Cardiovascular Diseases. Molecules.
2023;28(13):5130. https://doi.org/10.3390/molecules28135130 PMID: 37446792

11. Galaviz KI, Narayan KMV, Lobelo F, Weber MB. Lifestyle and the Prevention of Type 2 Diabetes: A Status Report. Am J Lifestyle Med.
2015;12(1):4-20. https://doi.org/10.1177/1559827615619159 PMID: 30202378

12. lkeda N, Yamaguchi M, Nishi N. Health and economic impacts of increased brown rice consumption on type 2 diabetes in Japan: A simulation
study, 2019-2029. Nutrients. 2025;17(3):532. https://doi.org/10.3390/nu17030532

13. Bielefeld D, Grafenauer S, Rangan A. The Effects of Legume Consumption on Markers of Glycaemic Control in Individuals with and without Dia-
betes Mellitus: A Systematic Literature Review of Randomised Controlled Trials. Nutrients. 2020;12(7):2123. https://doi.org/10.3390/nu12072123
PMID: 32708949

14. Eleazu CO. The concept of low glycemic index and glycemic load foods as panacea for type 2 diabetes mellitus; prospects. casAhsJ.

15. Khodarahmi M, Foroumandi E, Asghari Jafarabadi M. Effects of soy intake on circulating levels of TNF-a and interleukin-6: a systematic review and
meta-analysis of randomized controlled trials. Eur J Nutr. 2021;60(2):581-601. https://doi.org/10.1007/s00394-020-02458-z PMID: 33399974

16. Foroumandi E, Kheirouri S, Nosrati R, Ghodsi R. Association of dietary intake, medication and anthropometric indices with serum levels of
advanced glycation end products, caspase-3, and matrix metalloproteinase-9 in diabetic patients. J Diabetes Metab Disord. 2021;20(1):719-25.
https://doi.org/10.1007/s40200-021-00803-5 PMID: 34222087

17. Khairnar SJ, Ahire ED, Jagtap MR, Kshirsagar SJ. Overview of functional foods. Applications of functional foods in disease prevention. Apple Aca-
demic Press. 2024. p. 1-31.

18. Foroumandi E, Alizadeh M, Kheirouri S. Dietary quality index is negatively associated with serum advanced glycation end products in healthy
adults. Clin Nutr ESPEN. 2020;36:111-5. https://doi.org/10.1016/j.clnesp.2020.01.007 PMID: 32220353

19. Costa GT, Guimardes SB, Sampaio HA de C. Fructo-oligosaccharide effects on blood glucose: an overview. Acta Cir Bras. 2012;27(3):279-82.

https://doi.org/10.1590/s0102-86502012000300013 PMID: 22460261

PLOS One | https://doi.org/10.1371/journal.pone.0332029 October 1, 2025 8/10



https://doi.org/10.1007/s00125-010-1684-1
http://www.ncbi.nlm.nih.gov/pubmed/20361178
https://doi.org/10.1038/s41598-017-13729-0
https://doi.org/10.1038/s41598-017-13729-0
https://doi.org/10.1016/S2213-8587(17)30097-9
http://www.ncbi.nlm.nih.gov/pubmed/28456416
https://doi.org/10.2337/dci23-0085
http://www.ncbi.nlm.nih.gov/pubmed/37909353
https://doi.org/10.1016/j.clnesp.2020.01.007
http://www.ncbi.nlm.nih.gov/pubmed/32220353
https://doi.org/10.1016/j.tem.2022.11.004
http://www.ncbi.nlm.nih.gov/pubmed/36446668
https://doi.org/10.3390/molecules28135130
http://www.ncbi.nlm.nih.gov/pubmed/37446792
https://doi.org/10.1177/1559827615619159
http://www.ncbi.nlm.nih.gov/pubmed/30202378
https://doi.org/10.3390/nu17030532
https://doi.org/10.3390/nu12072123
http://www.ncbi.nlm.nih.gov/pubmed/32708949
https://doi.org/10.1007/s00394-020-02458-z
http://www.ncbi.nlm.nih.gov/pubmed/33399974
https://doi.org/10.1007/s40200-021-00803-5
http://www.ncbi.nlm.nih.gov/pubmed/34222087
https://doi.org/10.1016/j.clnesp.2020.01.007
http://www.ncbi.nlm.nih.gov/pubmed/32220353
https://doi.org/10.1590/s0102-86502012000300013
http://www.ncbi.nlm.nih.gov/pubmed/22460261

PLO\Sﬁ\\.- One

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Dehghan PGB, Jafar-Abadi MA. Oligofructose-enriched inulin improves some inflammatory markers and metabolic endotoxemia in women with
type 2 diabetes mellitus: a randomized controlled clinical trial. Nutrition. 2014;30(4):418-23.

Bock PM, Telo GH, Ramalho R, Sbaraini M, Leivas G, Martins AF, et al. The effect of probiotics, prebiotics or synbiotics on metabolic outcomes in
individuals with diabetes: a systematic review and meta-analysis. Diabetologia. 2021;64(1):26—41. https://doi.org/10.1007/s00125-020-05295-1
PMID: 33047170

Bastings JJAJ, Venema K, Blaak EE, Adam TC. Influence of the gut microbiota on satiety signaling. Trends Endocrinol Metab. 2023;34(4):243-55.
https://doi.org/10.1016/j.tem.2023.02.003 PMID: 36870872

Kooshki A, Akbarzadeh R, Amin B, Tofighiyan T, Foroumandi E. Synbiotic supplement for treatment of iron deficiency anaemia in haemodialysis
patients: A randomized controlled trial. Nephrology (Carlton). 2023;28(4):234-9. https://doi.org/10.1111/nep.14149 PMID: 36745046

Yusufali ZAL, Juma S, Du X. Satiety sensation and its associated food compositions and flavors. Flavor-associated applications in health and
wellness food products. Springer. 2024. p. 371-98.

Mohammadifard N, Houshiarrad A, Neyestani T, Naderi GA, Soleymani B. Validity and reproducibility of a food frequency questionnaire for assess-
ment of fruit and vegetable intake in Iranian adults. J Res Med Sci: Official J Isfahan Univ Med Sci. 2011;16(10):1286.

Hashmi SB, Ahmed S, Hashmi S, Bux R, Siddiqui I. Choosing the right equation for calculating indirect LDL-Cholesterol (LDL-C) in adult Pakistani
population: Evaluation of seven equations using big data analytics. Pract Lab Med. 2024;41:e00418. https://doi.org/10.1016/j.plabm.2024.e00418
PMID: 39119471

Moradi M, Daneshzad E, Azadbakht L. The effects of isolated soy protein, isolated soy isoflavones and soy protein containing isoflavones on
serum lipids in postmenopausal women: A systematic review and meta-analysis. Crit Rev Food Sci Nutr. 2020;60(20):3414—28. https://doi.org/10.1
080/10408398.2019.1689097 PMID: 31858808

Baranska ABA, Polz-Dacewicz M, Kanadys W, Malm M, Janiszewska M, Jedrych M. Effects of soy isoflavones on glycemic control and lipid profile
in patients with type 2 diabetes: a systematic review and meta-analysis of randomized controlled trials. Nutrients. 2021;13(6):1886. https://doi.
0rg/10.3390/nu13061886

Dwivedi S, Singh V, Sharma K, Sliti A, Baunthiyal M, Shin J-H. Significance of Soy-Based Fermented Food and Their Bioactive Compounds
Against Obesity, Diabetes, and Cardiovascular Diseases. Plant Foods Hum Nutr. 2024;79(1):1-11. https://doi.org/10.1007/s11130-023-01130-1
PMID: 38117392

Zhang X-M, Zhang Y-B, Chi M-H. Soy Protein Supplementation Reduces Clinical Indices in Type 2 Diabetes and Metabolic Syndrome. Yonsei Med
J. 2016;57(3):681-9. https://doi.org/10.3349/ym|.2016.57.3.681 PMID: 26996569

Hwang S, Ha AW. Intakes of dairy and soy products and 10-year coronary heart disease risk in Korean adults. Nutrients. 2024 Sep 3;16(17):2959.
https://doi.org/10.3390/nu16172959 PMID: 39275274

Khodarahmi MJM, Moludi J, Farhangi MA. A systematic review and meta-analysis of the effects of soy on serum hs-CRP. Clin nutr.
2019;38(3):996—1011. https://doi.org/10.1016/j.cInu.2018.09.007 PMID: 30314925

Chen S-T, Yang H-Y, Huang H-Y, Peng S-J, Chen J-R. Effects of various soya protein hydrolysates on lipid profile, blood pressure and renal func-
tion in five-sixths nephrectomized rats. Br J Nutr. 2006;96(3):435—41. https://doi.org/10.1079/bjn20061751 PMID: 16925847

Jafar TH, Stark PC, Schmid CH, Landa M, Maschio G, de Jong PE, et al. Progression of chronic kidney disease: the role of blood pressure
control, proteinuria, and angiotensin-converting enzyme inhibition: a patient-level meta-analysis. Ann Intern Med. 2003;139(4):244-52. https://doi.
org/10.7326/0003-4819-139-4-200308190-00006 PMID: 12965979

Xu'Y, Sutanto CN, Xia X, Toh DW, Gan AX, Deng Q, et al. Consumption of plant sterols-enriched soy milk with a healthy dietary pattern diet lowers
blood pressure in adults with metabolic syndrome: A randomized controlled trial. Nutr Metab Cardiovasc Dis. 2025;35(1):103773. https://doi.
org/10.1016/j.numecd.2024.10.011 PMID: 39561689

Olusola A. Comparative study of effect of honey on blood pressure and heart rate in healthy male and female subjects. BIMMR. 2013;3(4):2214—
21. https://doi.org/10.9734/bjmmr/2013/4152
Olusula A. Diastolic blood pressure and heart rate in healthy female subjects. J Med Med Sci. 2012;3(12):798-800.

Akhbari M, Jabbari M, Ayati MH, Namazi N. The effects of oral consumption of honey on key metabolic profiles in adult patients with type 2 diabe-
tes mellitus and nondiabetic individuals: a systematic review of clinical trials. Evid Based Complement Alternat Med. 2021;2021:6666832. https://
doi.org/10.1155/2021/6666832 PMID: 33552217

Egli LLV, Theytaz F, Campos V, Hodson L, Schneiter P, Mittendorfer B, et al. Exercise prevents fructose-induced hypertriglyceridemia in healthy
young subjects. Diabetes. 2013;62(7):2259-65. https://doi.org/10.2337/db12-1651 PMID: 23674606

Schwarz J-M, Noworolski SM, Wen MJ, Dyachenko A, Prior JL, Weinberg ME, et al. Effect of a high-fructose weight-maintaining diet on lipogenesis
and liver Fat. J Clin Endocrinol Metab. 2015;100(6):2434—42. https://doi.org/10.1210/jc.2014-3678 PMID: 25825943

Cianciosi D, Forbes-Hernandez TY, Afrin S, Gasparrini M, Reboredo-Rodriguez P, Manna PP, et al. Phenolic compounds in honey and their associ-
ated health benefits: A review. Molecules. 2018;23(9):2322.

Bt Hj Idrus R, Sainik NQAV, Nordin A, Saim AB, Sulaiman N. Cardioprotective Effects of Honey and Its Constituent: An Evidence-Based
Review of Laboratory Studies and Clinical Trials. Int J Environ Res Public Health. 2020;17(10):3613. https://doi.org/10.3390/ijerph17103613 PMID:
32455701

PLOS One | https://doi.org/10.1371/journal.pone.0332029  October 1, 2025 9/10



https://doi.org/10.1007/s00125-020-05295-1
http://www.ncbi.nlm.nih.gov/pubmed/33047170
https://doi.org/10.1016/j.tem.2023.02.003
http://www.ncbi.nlm.nih.gov/pubmed/36870872
https://doi.org/10.1111/nep.14149
http://www.ncbi.nlm.nih.gov/pubmed/36745046
https://doi.org/10.1016/j.plabm.2024.e00418
http://www.ncbi.nlm.nih.gov/pubmed/39119471
https://doi.org/10.1080/10408398.2019.1689097
https://doi.org/10.1080/10408398.2019.1689097
http://www.ncbi.nlm.nih.gov/pubmed/31858808
https://doi.org/10.3390/nu13061886
https://doi.org/10.3390/nu13061886
https://doi.org/10.1007/s11130-023-01130-1
http://www.ncbi.nlm.nih.gov/pubmed/38117392
https://doi.org/10.3349/ymj.2016.57.3.681
http://www.ncbi.nlm.nih.gov/pubmed/26996569
https://doi.org/10.3390/nu16172959
http://www.ncbi.nlm.nih.gov/pubmed/39275274
https://doi.org/10.1016/j.clnu.2018.09.007
http://www.ncbi.nlm.nih.gov/pubmed/30314925
https://doi.org/10.1079/bjn20061751
http://www.ncbi.nlm.nih.gov/pubmed/16925847
https://doi.org/10.7326/0003-4819-139-4-200308190-00006
https://doi.org/10.7326/0003-4819-139-4-200308190-00006
http://www.ncbi.nlm.nih.gov/pubmed/12965979
https://doi.org/10.1016/j.numecd.2024.10.011
https://doi.org/10.1016/j.numecd.2024.10.011
http://www.ncbi.nlm.nih.gov/pubmed/39561689
https://doi.org/10.9734/bjmmr/2013/4152
https://doi.org/10.1155/2021/6666832
https://doi.org/10.1155/2021/6666832
http://www.ncbi.nlm.nih.gov/pubmed/33552217
https://doi.org/10.2337/db12-1651
http://www.ncbi.nlm.nih.gov/pubmed/23674606
https://doi.org/10.1210/jc.2014-3678
http://www.ncbi.nlm.nih.gov/pubmed/25825943
https://doi.org/10.3390/ijerph17103613
http://www.ncbi.nlm.nih.gov/pubmed/32455701

PLO\S\% One

43.

44,

45.

46.

47.

48.

49.

Erejuwa OO, Sulaiman SA, Ab Wahab MS, Sirajudeen KNS, Salleh S, Gurtu S. Honey supplementation in spontaneously hypertensive rats elicits
antihypertensive effect via amelioration of renal oxidative stress. Oxid Med Cell Longev. 2012;2012:374037. https://doi.org/10.1155/2012/374037
PMID: 22315654

Bai Y, Xin M, Lin J, Xie J, Lin R, Peng Z, et al. Banana starch intervention ameliorates diabetes-induced mood disorders via modulation of the gut
microbiota-brain axis in diabetic rats. Food Agricult Immunol. 2022;33(1):377—402. https://doi.org/10.1080/09540105.2022.2071846

Silva AR da, Cerdeira CD, Brito AR, Salles BCC, Ravazi GF, Moraes G de Ol, et al. Green banana pasta diet prevents oxidative damage in liver
and kidney and improves biochemical parameters in type 1 diabetic rats. Arch Endocrinol Metab. 2016;60(4):355—-66. https://doi.org/10.1590/2359-
3997000000152 PMID: 26910629

Cressey RKW, Mangklabruks A. Daily consumption of banana marginally improves blood glucose and lipid profile in hypercholesterolemic subjects
and increases serum adiponectin in type 2 diabetic patients. 2014.

Li F, Zeng K, Ming J. Lowering glycemic levels via gastrointestinal tract factors: the roles of dietary fiber, polyphenols, and their combination. Crit
Rev Food Sci Nutr. 2025;65(3):575-611. https://doi.org/10.1080/10408398.2023.2278169 PMID: 37966135

Chan Q, Stamler J, Brown |J, Daviglus ML, Van Horn L, Dyer AR, et al. Relation of raw and cooked vegetable consumption to blood pressure: the
INTERMAP Study. J Hum Hypertens. 2014;28(6):353-9. https://doi.org/10.1038/jhh.2013.115 PMID: 24257514

Snauwaert E, Paglialonga F, Vande Walle J, Wan M, Desloovere A, Polderman N, et al. The benefits of dietary fiber: the gastrointestinal tract and
beyond. Pediatr Nephrol. 2023;38(9):2929-38. https://doi.org/10.1007/s00467-022-05837-2 PMID: 36471146

PLOS One | https://doi.org/10.1371/journal.pone.0332029 October 1, 2025 10/10



https://doi.org/10.1155/2012/374037
http://www.ncbi.nlm.nih.gov/pubmed/22315654
https://doi.org/10.1080/09540105.2022.2071846
https://doi.org/10.1590/2359-3997000000152
https://doi.org/10.1590/2359-3997000000152
http://www.ncbi.nlm.nih.gov/pubmed/26910629
https://doi.org/10.1080/10408398.2023.2278169
http://www.ncbi.nlm.nih.gov/pubmed/37966135
https://doi.org/10.1038/jhh.2013.115
http://www.ncbi.nlm.nih.gov/pubmed/24257514
https://doi.org/10.1007/s00467-022-05837-2
http://www.ncbi.nlm.nih.gov/pubmed/36471146

