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Abstract 

 

Introduction: Diabetes is a global and rapidly increasing disease that in 2014 affected more 

than 422 million people, and takes 1,2 million lives per year. The importance of identifying 

new ways to manage and prevent the disease has led science to a new area – modulation of 

the gut microbiota. It is well known that the composition of gut microbiota differs between 

non-diabetic and diabetic adults, and that nutrition is the main way to modulate gut 

microbiota composition. Food and lifestyle are of great importance for the development and 

treatment of type 2 diabetes and pre-diabetes, but less is known about whether gut microbiota 

modulation is mediating that link.   

 

Aim: The aim is to examine whether there is a scientifically well-supported link between diet, 

gut microbiota and the development or treatment of type 2 diabetes or pre-diabetes in humans.  

 

Methods: Systematic review with literature search via PubMed and Cochrane, following the 

manual from the Swedish Agency for Health Technology Assessment and Assessment of 

Social Services (SBU).  

 

Results: Of 12 articles finally included, two studies found a strong impact of diet on diabetes-

related variables via modulation of gut microbiota. Another four studies did not find an 

association, and six studies lacked sufficient data to be able to draw a conclusion. Diet 

interventions and study design differed between studies, which led to heterogeneous results.  

 

Conclusions: This review demonstrates a large knowledge gap in how dietary modifications 

can prevent or treat type 2 diabetes or pre-diabetes via changes in gut microbiota. 

 

 

Key words: systematic review, human, gut microbiota, type 2 diabetes, pre-diabetes
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Abbreviations 

 

F. Prausnitzii = Faecalibacterium prausnitzii 

FBG = fasting blood glucose 

GQD  = Gegen Qinlian Decoction 

HbA1c = glycated haemoglobin A1c 

HOMA-β = Homeostatic Model Assessment of β-cell function 

HOMA-IR = Homeostatic Model Assessment of Insulin Resistance 

IBD = inflammatory bowel disease 

KLF5 = Krüppel-like factor 5 

LPS = lipopolysaccharide 

SBU = the Swedish Agency for Health Technology Assessment and Assessment of Social Services 

SCFAs = short-chain fatty acids 

Ma-Pi 2 diet = Mario Pianesi 2 diet 

miR-375 = microRNA-375 

mRNA = messenger RNA 

PICO = participants, intervention, comparator, outcomes 

PPBG = postprandial blood glucose 

RCT = Randomized Controlled Trials 

rDNA = ribosomal DNA 

SCRED = Single Case Research Experimental Design 

T2D = type 2 diabetes 

TLR-4 = toll-like receptor 4
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1. Introduction 

 
Diabetes has become an enormous global burden. In 1980, an estimated 108 million adults 

suffered from diabetes, which in 2014 had increased to 422 million[1]. The International 

Diabetes Federation predicts that the number will be 629 million in year 2045[2]. Of these, 

type 2 diabetes represents 85-90%[3]. People with pre-diabetes, a stage between normal 

glucose tolerance and diabetes, are at high risk of developing type 2 diabetes[4]. In addition to 

the high risk of complications, the disease takes about 1,2 million lives a year[1].  

   There are several theories why some people develop diabetes, while others do not. One 

theory, which has gained increased interest in recent years, centres on the gut microbiota, 

which is constituted by billions of bacteria in our intestines. Gut microbiota plays a crucial 

role in our immune system, metabolic homeostasis, energy harvest, protection against 

pathogens and maintaining gut integrity. Dysbiosis of the intestinal flora is associated with 

infection and inflammation[5]. Studies have shown that the gut microbiota in type 2 diabetic 

adults differs from non-diabetic adults[6–8]. The gut dysbiosis in type 2 diabetic adults shows 

a decreased number of anti-inflammatory butyrate-producing bacteria, and an increased 

amount of various pro-inflammatory opportunistic bacteria[7,9]. This has led to the 

hypothesis that gut microbiota might play an important role in the pathogenesis of 

diabetes[6,8,9]. One potential mechanism is that increased gut permeability allows pro-

inflammatory endotoxins to penetrate the barrier and aggravate inflammation and insulin 

resistance[10,11]. Another hypothesis is that gut dysbiosis leads to increased production of 

short-chain fatty acids (SCFAs), which arise from bacterial fermentation. A high amount of 

SCFAs leads to enhanced capacity to harvest energy from food, which affect glucose and 

lipid metabolism leading to obesity and negative metabolic effects [12,13].  

   Both diet and lifestyle have great impact on diabetes progression, with even better effect 

than medicine according to a previous study[14]. Maintaining normal glucose levels through 

diet is a keystone for diabetes control and the reduction of cardiovascular complications[15]. 

Diet has been shown to modulate gut microbiota composition[16,17]. This might open up a 

possibility to tailor diets that can improve metabolic control by correcting gut dysbiosis. 
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   What do we actually know today about the impact of specific diets on gut microbiota that in 

turn leads down the pathway of diabetes? What has solid scientific support and what are still 

speculations? It was well known when beginning this study that this is still a sprawling field, 

where much remains unclear, though this makes it even more important to form an 

understanding of the current state of knowledge and eventual gaps. Unlike other reviews in 

this field, this study chose to focus on human studies, since it is difficult to directly transfer 

results from animal studies into human knowledge.  

2. Aim  

 
The purpose was to examine whether there is a scientifically well-supported link between 

diet, gut microbiota and development or treatment of type 2 diabetes or pre-diabetes in 

humans. This review wanted to test the hypothesis that patients through diet can manage 

diabetes progress via gut microbiota modulation. If a link could be demonstrated, we wanted 

to further assess whether the effect was restricted to certain food or gut microbiota changes, 

and if dietary restrictions thereby could be a tool for managing gut dysbiosis and, in the 

extension, diabetes? 

 

3. Material and methods 

3.1 Data sources and search strategy 

Articles were searched in the electronic databases PubMed and Cochrane in accordance with 

the search strings attached below, see table 1 A-D. Two of three searches in PubMed were 

made with restriction ”Best match”. There were no restrictions in terms of calendar date or 

language. 

   Two independent readers – author medical student Christine Hansson and supervisor MD 

Anders Rosengren, conducted the literature search and evaluation of eligibility. 

Disagreements were resolved through discussion between the readers. 
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Table 1 A-D: Search strings in databases 

 

 

 

MeSH = Medical Subject Headings 

 

 A: Cochrane search string: February 21, 2019 at 4.12 pm   

#1 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees MeSH 14818 

#2 MeSH descriptor: [Prediabetic State] explode all trees MeSH 711 

#3 Diabetes type 2 OR type 2 diabetes OR prediabetes OR pre-diabetes Limits 44415 

#4 #1 OR #2 OR #3 Limits 44572 

#5 MeSH descriptor: [Gastrointestinal Microbiome] explode all trees MeSH 234 

#6 Gut microbiota OR intestinal flora OR gut flora OR intestinal environment OR gut environment 
OR gut microbes OR intestinal microbes OR intestinal microbiota 

Limits 2540 

#7 #5 OR #6 Limits 2603 

#8 MeSH descriptor: [Diet, Food and Nutrition] explode all trees MeSH 47884 

#9 Food OR diet OR vegan OR vegetarian OR phaleo OR mediterrian OR high-fat OR protein OR 
fiber OR carbonhydrate 

Limits 119394 

#10 #8 OR #9 Limits 137556 

#11 MeSH descriptor: [Humans] explode all trees MeSH 7760 

#12 Human OR humans OR patient OR patients Limits 1042524 

#13 #11 OR #12 Limits 1042524 

#14 #4 AND #7 AND #10 AND #13 Limits 139 

 B: PubMed search string: February 21, 2019 at 3.48 pm   

#1 Food OR diet OR vegan OR vegetarian OR phaleo OR mediterrian OR high-fat OR 
protein OR fiber OR carbonhydrate  

Title/Abstract 2996752 

#2 "Diet, Food, and Nutrition" MeSH 1011604 

#3 #1 OR #2  3626863 

#4 Gut microbiota OR intestinal flora OR gut flora OR intestinal environment OR gut 
environment OR gut microbes OR intestinal microbes OR intestinal microbiota  

Title/Abstract 21679 

#5 "Gastrointestinal Microbiome" MeSH 8315 

#6 #4 OR #5  24937 

#7 Diabetes type 2 OR type 2 diabetes OR prediabetes OR pre-diabetes Title/Abstract 115157 

#8 "Diabetes Mellitus, Type 2" OR "Prediabetic State" OR "Insulin Resistance" MeSH 184526 

#9 #7 OR #8  222863 

#10 Human OR humans OR patient OR patients Title/Abstract  

#11 "Humans" MeSH 17557938 

#12 #10 OR #11  18860494 

#13  #3 AND #6 AND #9 AND #12  521 

 C: PubMed search string by “best match”: February 8, 2019 at 10.24 am   

#1 Diet gut microbiota type 2 diabetes human Title/Abstract 131 

 D: PubMed search string by “best match”: February 8, 2019 at 10.30 am   

#1 Diet gut microbiota prediabetes human Title/Abstract 13 
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3.2 Inclusion and exclusion criteria  

The inclusion criteria were: (1) study participants of any age diagnosed with type 2 diabetes 

or pre-diabetes, (2) studies evaluating the modulation of the gut microbiota, either as first or 

second aim, as an effect of any diet and its further impact on developing or treating type 2 

diabetes or pre-diabetes, and (3) studies written in English or Swedish. There were no 

restrictions regarding type of food intervention, gut microbiota compositional change or 

diabetes-related variables measured.  

   The exclusion criteria were: (1) animal studies, (2) reviews, protocols and discussion 

articles, (3) studies evaluating specifically prebiotics, probiotics or symbiotic as diet 

intervention to focus on diet and not supplements, or (4) articles not available in full-text via 

Örebro University or Lund University. 

3.3 Manuscript evaluation and selection 

Following literature search in the electronic databases, articles were screened by title/abstract 

and evaluated in accordance with the inclusion and exclusion criteria. Duplicates were 

removed. Irrelevant articles were excluded for reasons reported in flow chart, figure 1. 

Articles who met the selection criteria’s were further screened by material and methods, and 

thereafter went on to full-text screening and data-extraction. Reasons for exclusion after full-

text screening are reported in Appendix C.  

3.4 Data extraction 

The following data was extracted from included articles: first author, year of publication, aim, 

study design, population (number, gender, mean-age), dropouts, type and definition of 

diabetes, duration of disease, comorbidity or other medication, anti-diabetic medication, 

inclusion- and exclusion criteria, diet intervention, duration and follow up, gut microbiota aim 

and change, association with diabetes, conclusion, adverse effects, study limitations and 

conflict of interests.  

3.5 Quality assessment and data analysis 

Quality assessment after full-text reading followed the manual from SBU[18]. This included 

assessment of relevance and quality following templates from the SBU manual. The 

assessment of relevance included evaluation regarding study population, examined 

intervention, control intervention, efficacy and study duration. Studies were then altogether 

categorized as either “relevant” or “not relevant”. The quality control included risk of bias 

regarding selection, treatment, assessment, dropout, reporting and conflict of interests. These 
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areas were categorized as “low risk”, “medium risk” or “high risk”, and were then weighed 

together for a final grading on the same scale. 

   No weighted assessment according to GRADE was carried out because SBU has a 

sufficiently extensive assessment system for the scope of this D-essay. Note, however, that 

the quality assessment made in this study equals the Newcastle-Ottawa assessment scale, 

which is a recognized and fully adequate scale for publishing systematic reviews.  

   We also considered a meta-analysis conditional on whether the included studies were 

sufficiently extensive in number and detail.  

3.6 Ethical approval 

No ethical approval was needed for this review, since only information already published 

would be reviewed and re-published. Thereby risk for disclosure of confidentiality or privacy 

violation was minimal. Bias was one of the most prominent ethical aspects to consider – to 

objectively examine and evaluate results, to include both positive and negative results, and 

present with transparency and reproducibility. For further ethical reflections, see Appendix D. 

4. Results 

4.1 Study selection 

The search in PubMed and Cochrane identified 804 articles, of which 450 articles were 

reviews and therefore excluded. During title/abstract reading another 55 articles were 

excluded due to animal study design. Another 26 articles were excluded because they were 

doublets. An additional 234 articles were excluded for reasons presented in flowchart figure 

1. One study was excluded according to exclusion criterion (4). Eight articles were 

handpicked from the included articles reference list after title screening, of which two were 

finally included in the study after abstract reading. No further studies were included from 

these two reference lists. 

   In total, 37 articles went on to screening by material and methods, which excluded another 

17 studies. Eight articles were excluded after full-text screening (see appendix C).  
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4.2 Quality assessment 

The final 12 included studies were evaluated regarding relevance and quality in accordance 

with SBU. Of these, one article was graded with low risk, five articles with medium risk, and 

six articles with high risk of bias (see flowchart below, figure 1). Included studies were too 

heterogeneous to perform a meta-analysis. 

 

 

 

Figure 1 - Flowchart of study design with reasons for exclusion and risk of bias  
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4.3 Study baseline characteristics 

Of 12 included studies, there were three cross-sectional, seven RCT and two SCRED studies. 

Of these, eight met the aims of this review as their primary aim, while four included it as 

secondary aim. Study population in the studies varied between 26 and 100 participants. In 

total, 753 patients were included with dropouts excluded. Of these, there were 378 men and 

375 women. Age-range was between 21-77 years. The majority of studies focused on T2D. 

Nearly half of the studies lacked diagnostic criteria of diabetes, and almost as many did not 

present duration of disease. Information on co-morbidity and medications was missing or only 

partially presented in almost all studies. Information on anti-diabetic medication was more 

exhaustively presented, but still not complete. For baseline characteristics, see Appendix A. 

4.4 Framework and risk of bias 

Risk of bias was evaluated in accordance with SBU[19]. Each article received a final grading 

of low, medium or high risk of bias and was included, regardless of grading. There were 

seven randomised studies[20–26]. Of these, six reported computer-based randomisation, 

while one study did not report how randomization was performed[25]. Three RCT-studies 

were not blinded[21,23,25]. Participants were instructed to maintain dietary habits and 

lifestyle, beyond the intervention, in three studies which resulted in heterogeneous 

exposure[20,22,24]. One study did not report circumstances beyond the intervention[26]. 

Three studies used dietary plans[21,23,25]. One SCRED-study maintained dietary habits and 

lifestyle, while the other SCRED-study had dietary plans, beside the intervention[27,28]. 

However, 9 studies used subjective diet questionnaire to assess dietary habits[22–25,27–31]. 

Eight studies did not measure adverse side effects[20,23,25,27–31]. One RCT-study reported 

conflict of interests in the original article, while two of the cross-sectional studies reported 

conflict of interests, including several pharmaceutical companies[21,30,31]. For grading, see 

table 2. For framework with inclusion-/exclusion-criteria’s and limitations, see Appendix B. 
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Table 2 - Overview of bias assessment* 

 
Selection 

bias 
Treatment 

bias 
Assessment 

bias 
Drop-out 

bias 
Reporting 

bias 

Conflict of 
interests 

bias 

Total 

grading 

Roshanravan, 2018 [20]        

Wilson, 2018 [27]        

Hernández-Alonso, 2017 [21]        

Canfora, 2017 [22]        

Huang, 2017 [28]        

Balfegó, 2016 [23]        

Pedersen, 2016 [24]        

Candela, 2016 [25]        

Egshatyan, 2016 [29]        

Yamaguchi, 2016 [30]        

Xu, 2015 [26]        

Sato, 2014 [31]        

*Green=low risk, yellow=medium risk, red=high risk of bias 

4.5 Results based on diet intervention 

Results were divided and presented based on diet intervention. The first group included 

“high-fibre” diets, second group included diet assessment programs, and the last group “food 

in everyday life”. One exception from the last group is a study based on Chinese Herbs, since 

this cannot be counted for everyday foods in Sweden. 

4.5.1 High-fibre diets 

Dietary interventions were characterized by high-fibre content, and lasted between three 

weeks and three months. All studies aimed to examine changes in gut microbiota 

composition, even though some examined specific bacteria. Three studies presented certain 

diabetes-beneficial change in gut microbiota composition, even though outcome differed 

between studies[20,22,25].  

   Only one study presenting a positive change in gut microbiota could also show association 

with diabetes-related variables, such as reduction of FBG, PPBG, HOMA-IR and 

inflammatory markers for diabetes improvement[25].  

   One study with positive gut microbiota change showed up-regulated levels of miR-375, 

which in turn decreased KLF5 mRNA, even though FBG and fasting insulin did not differ 

between intervention groups and placebo[20].  

  



 12 

 

 

   The remaining studies could not conclude any association between diet, gut microbiota and 

diabetes improvement[22,24,28]. 

   Two of the three studies including metformin-treated participants, also examined metformin 

as a co-founding factor[20,24,28]. One study concluded metformin with certain effect as 

cofactor, while the other could not see effect on gut diversity. These two studies did not show 

significant change in gut microbiota composition either[24,28].  

   Two studies measured adverse side effects, but could not determine any such[22,24]. For 

detailed results, see table 3 A. 

4.5.2 Food in everyday life 

This group was linked together by foods patients find in their everyday life, except for one 

study with Chinese Herbs who still suited best in this group[26]. Due to heterogeneous main 

content in food, each study needed to be evaluated separately.  

   Intervention periods varied between 3-6 month, and all studies had 1-2 week’s lead-in phase 

with preparation for intervention. Gut microbiota aim for three studies were determination of 

composition and certain bacteria’s from faeces[23,26,27]. The last study determined urine 

metabolites related to gut microbiota[21].  

   One study, examining supplementation with a Chinese herb, showed significantly changed 

gut microbiota structure, and substantially enriched F.Prausnitzii, with strong association to 

improved FBG, HbA1c and HOMA-β. It thereby concluded potential effect of improving 

metabolic markers via gut microbiota modulation[26]. 

   One study evaluating supplementation with sardines, could not find significant difference 

between groups regarding intestinal flora or diabetic markers. Notably, both groups received 

dietary education, and monthly visits from dieticians throughout the study[23].  

   Studies supplementing kiwi and pistachio nuts showed improved gut microbiota or related 

metabolites, but without certain association to diabetic variables[21,27].  

   Two studies reported “no serious adverse side effects” and “no observed GI-side effects”, 

respectively, but not more specified than that[21,26]. Remaining studies did not measure 

adverse effects[23,27]. For extracted data, see table 3 B. 
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4.5.3 Dietary assessment studies 

This group was cross-sectional studies, using dietary assessment programs to evaluate dietary 

habits. Some studies only partially evaluated the link between diet, gut microbiota and 

diabetic improvements, with table 3 C summarizing the findings.  

   One study analyzed occurrence of dysbiosis in T2D patients, which was confirmed[31].  

   All studies concluded certain links of diet with gut microbiota modulation, but no one could 

determine certain impact on diabetic markers. Studies were too heterogeneous to enable 

general conclusions. No adverse effects were reported[29–31]. 
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Table 3 A – High-fibre diets 

HP Inulin = high-performance inulin , GOS = galacto-oligosaccharide, A.muciniphila = Akkermansia muciniphila, GM = gut microbiota, , C-peptide = the connecting peptide , IVGTT = 

intravenous glucose tolerance test 

First author 

Intervention 

duration 

[follow up] 

Diet 

intervention 

group 

Diet 

control 

group 

Difference in 

diets 
Gut microbiota aim Gut microbiota change 

Association with 

diabetes change 

Conclusion of 

association 

Adverse 

effects 

Roshanravan 

[20] 

1,5 months 
[0+6 weeks] 

Supplement 
of 3.6 g 
butyrate 
and/or 10g 
HP Inulin per 

day 

Inulin, 
butyrate 
or both, 
placebo 

High-fibre 
and SCFAs 

Promotion of gut bacterium 
A.muciniphila growth 

Increased A.muciniphila 

Upregulated miR-

375, which in turn 
decreased KLF5 
mRNA. FBG and 
fasting insulin did 
not differ between 
groups. 

A. muciniphila have 

a correlation with 
miR-375 and KLF5 
mRNA expression, 
and supplement 
might be useful in 
treatment of T2D 

Not 
measured 

Canfora 

[22] 

3 months 
[0+6+12 
weeks] 

Supplement 
of 15 g 
GOS/day 

Placebo High-fibre 
Effect on faecal microbiota 
composition, faecal and plasma 
SCFAs 

Especially increased 

Bifidobacterium, but also a few 
more to a lesser extent. The 
overall richness and diversity 
did not differ between groups. 
Neither did SCFAs. 

No change in 
insulin sensitivity 
or resistance, 
FBG or fasting 
insulin. 

Increased 

Bifidobacteria, but 
did not alter SCFAs, 
insulin-sensitivity or 
other diabetes related 
parameters 

None 

Huang 

[28] 

3 months 
[0+12+28 
weeks] 

Okinawan 

diet 
Baseline 

High-fibre, fat 
and protein. 

Low 
carbohydrate. 

Examining changes in faecal 
amount of Enterobacteriaceae, 
diversity of the gut microbiota 

and concentrations of SCFAs in 
blood before and after diet, and 
whether metformin could affect.   

No change in 
Enterobacteriaceae or gut 
diversity. Decreased serum 

level of butyric- and isovaleric 
acid. Metformin did not affect 
change in gut diversity. 

FBG, insulin and 
HbA1c decreased. 
Reduced anti-
diabetic treatment 
in over 50%  

Positive effects on 
anthropometric and 
metabolic factors 

cannot be explained 
through gut 
microbiota. 

Not 

measured 

Pedersen 

[24] 

3 months 
[0+12 weeks] 

Supplement 
of 5.5 g 
GOS/day 

Placebo High-fibre 

Effect on intestinal bacteria 
composition and intestinal 
permeability. Metformin as 

confounding factor.  

No significant change in 
diversity, evenness, richness or 
intestinal permeability. 
Metformin certain effect as 
cofactor. 

No significant 
effect on glucose, 
insulin and C-
peptide or 
responses during 

IVGTT. Increased 
HbA1c and 
fasting glucose. 

No significant effect 
on gut microbiota, 
and did not improve 
glucose tolerance 
outcomes 

None 

Candela 

[25] 

3 weeks 
[0+3 weeks] 

Ma-Pi 2 diet 

Control 
diet or 
healthy 

without 
diet 

High-fibre 
Change in gut microbiota 
composition 

Confirmed dysbiosis in T2D. 
Both diets effective in 
modulating GM. Ma-Pi 2 
showed significant association 

between changes in GM and 
changes in biochemical 
parameters. 

Reduction of 
FBG, PPBG, 
HOMA-IR and 

inflammatory 
markers.  

Modulated gut 
dysbiosis associated 
with glycaemic 

control, and reduced 
chronic inflammation 

Not 
measured 
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Table 3 B – Food in everyday life 

First author 

Intervention 

duration 

[follow up] 

Diet 

intervention 

group 

Diet 

control 

group 

Difference in 

diets 
Gut microbiota aim Gut microbiota change 

Association with 

diabetes change 

Conclusion of 

association 

Adverse 

effects 

Wilson 

[27] 

1 week lead in 
+ 3 month 

[0+6+12 
weeks] 

Supplement of 
two 
kiwifruits/day 

Baseline 
Vitamin C, 
fibers, 
polyphenols 

Altered gut microbiota 

composition 

No significant change in 
community structure. Kinds of 
bacteria and phylogenetic 

relationship more similar after 
intervention. Significantly 
greater faecal water content. 

Statistically but not 
clinically significant 

decrease of HbA1c 
and increase of FBG 

Improved gut 
microbiota but 
association with 

diabetes control 
requires larger 
studies 

Not 

measured 

Hernández-

Alonso 

[21] 

2 week lead in 
+ 4 month diet 
[0+16 weeks] 

Normocaloric 
diet (WHO) + 
57 g 
pistachio/day 

Normo-
caloric 
diet 
(WHO) 

Polyunsaturated 
fatty acids, 
fibers, 
phytosterols, 
phenolic 
components 

Effects on different urine 
metabolites mainly related to 
gut microbiota 

Increased: TCA  
Decreased: Hippurate, p-cresol 
sulphate, dimethylamine, 
TMAO, cis-acionate 

Improved glucose, 
insulin and HOMA-
IR levels 

Modified gut-
microbiota-related 
metabolites, but 
association with 
insulin resistance 

and T2D cannot 
be concluded 

No GI-
side 
effects 
observed 

Balfegó 

[23] 

2 week lead in 
+ 6 month diet 
(5d/w) 
[0+6month] 

Standard T2D 
diet with 100 
g protein 
replaced with 

Sardines 

Standard 
T2D diet 

Same nutrient 

composition 
except for type 
of protein and 
fat coming from 
sardines 

Compare abundance of: 
Faecalibacterium prausnitzii, 
Escherichia coli, Eubacterium 
rectale -Clostridium 
coccoides, Bacteroides – 

Prevotella, Firmicutes and the 
Firmicutes/Bacteroidetes ratio 

Abundance of bacterial groups 
analysed – both altered 
composition but no statistically 
significant difference in change 

between groups 

Inflammatory 

markers, FBG, fasting 
insulin, HbA1c and 
HOMA-IR – no 
significant difference 
between groups 

Diet improved gut 
microbiota 
composition, but 
not glycaemic 

control 

Not 
measured 

Xu 

[26] 

2 week lead in 
+ 3 month diet 
[0+4+8+12 
weeks] 

Low(IA), 
medium(IB) 
or high(IC) 
dose of GQD* 

Placebo 

Major 
components in 
herbs: flavones, 
alkaloids, 

triterpenoid 
sapnins, 
carbohydrates. 

Determine amount of total 
bacteria and F.Prausnitzii 

Dose-dependent. High-dose 
significantly changed GM 
structure after 4 weeks, in the 
same time as diabetes changes 
occurred. F.Prausnitzii 
substantially enriched. 

Significantly 
improved FBG, 
HbA1c, HOMA-β – 
correlated with the 
abundance of 

F.Prausnitzii. 
Plasma orosomucoid 
significantly reduced. 
 

Altered microbial 
composition and 
improved glucose 

homeostasis, 
strong association 

No 
serious 

events 

WHO = world health organization, , IA = intervention group A, IB = intervention group B, IC = intervention group C, , TCA = tricarboxylic acid, TMAO = trimethylamine N-oxide, GM = 

gut microbiota, , GI = gastro-intestinal 
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Table 3 C – Dietary assessment studies 

First 

author 

Groups 

observed 

Diet 

assessment 

program 

Aim Diet-gut microbiota change GM-diabetes change Conclusion 
Adverse 

effects 

Egshatyan 

[29] 

NGT,  

Pre-D, 
T2D 

Computer 
program 

“Analysis of 
Human 
Nutrition” 

GM 
composition 

in association 
with dietary 
patterns 

Carbohydrates: Prevotella 
Sugar: Catenibacterium 
High-calorie: Bifidobacterium 

High-cholesterol: Bifidobacterium 
Ethanol: Bifidobacterium 
Starch: Bifidobacterium, Blautia 
Fat/protein: Bifidobacterium 

Blautia, Serratia, Verrucomicrobia  glucose 

intolerance 
 
Dietary clusters: 
1) %Carbohydrates  
2) %Fat/protein 

 Cluster 1) Lower levels of Bacteroides and higher 
level of Prevotella. No difference in GM composition 
in 1) between NGT, PreD and T2D. 

 Cluster 2) associated with more T2D-patients and 
insulin resistance. Also higher levels of Bacteroides 
and lower level of Prevotella. 

Diet seems to be the main way 
to influence GM composition. 
Some associations found 
between diet, GM composition 
and glucose metabolism, but 
needs further evidence.  

Not 
measured 

Yamaguchi 

[30] 
T2D 

Data-based 
short food 
frequency 
questionnaire 

Relation 
between 
nutrients, 
metabolic 
markers, fecal 

microbiota 
and SCFAs 

Fat/protein/carbohydrates: 
Clostridium IV/XI, Bifidobacterium, 
Lactobacillales, Bacteroides 
Fat:  Clostridium IV 
Protein: fecal acetate, SCFAs,  
Carbohydrates: Clostridium IV 

FBG: Bifidobacterium, Lactobacillales, 
Bacteroides 
Insulin, HOMA-IR: propionate, fecal acetate, 
SCFAs 

HDL, adiponectin: fecal butyrate 

SCFAs improved glucose 
tolerance. Low protein and low 
carbohydrate diet favoured gut 
microbiota, increased SCFAs 
and probably improved T2D, 

but further consistent evidence 
are needed. 

Not 
measured 

Sato 

[31] 

T2D vs. 
Healthy 
controls 

A brief-type 
self-

administered 
diet history 
questionnaire 
(BDHQ) 

GM 
composition 
and plasma 
levels of gut 
bacteria with 
relation to 
food intake 

Energy intake: C.coccoides 
Carbohydrates: total organic acids, 
acetic acid 
Fat: total organic acids, acetic acid 
Saturated fatty acids: C.coccoides, 

fecal organic acids, acetic acid, 
propionic acid 

 
C.coccoides, Atopobium, and Prevotella 
lower, and Lactobacillus higher in T2D. 
Lactobacillus, Prevotella or isovaleric 
acid was not associated with food items.   

FBG, HbA1c and inflammatory markers higher in 
T2D. Serum-LBP higher and associated with HbA1c 
and inflammatory markers. 

Diabetes duration: acetic acid, propionic acid 
 

Lactobacillus, Prevotella or isovaleric acid were not 
associated with clinical parameters.   
 
Gut bacteria in blood detected in 14/50 T2D-patients 
(vs. 2/50 controls). Majority were commensal gut 
flora, except Enterobacteriaceae(2%). C.coccoides 
and Atopobium most common (14%). 

Gut dysbiosis and with live 
bacteria translocation into the 
bloodstream in T2D patients. 
Certain links to diet, but further 
evidence are needed.  

Not 
measured 

NGT = normal glucose tolerance, Pre-D = pre-diabetes, GM = gut microbiota, , HDL = high-density lipoprotein, , LBP = LPS-binding protein
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5. Discussion and conclusion 

 

The aim of this systematic review was to examine whether there is a scientifically well-

supported association between diet, gut microbiota modulation and development or 

treatment of type 2 diabetes or pre-diabetes in humans. 

   The review found two studies that confirmed association, four studies that did not support 

any link and six studies that could not make a definitive conclusion[20–31].    

   Intervention with Chinese Herbs – GQD, was the first study to confirm an association. It 

demonstrated dose-dependent improvement of FBG, HbA1c, and HOMA- β and 

inflammation, which was negatively correlated with F.Prausnitzii. This bacteria acts in an 

anti-inflammatory way by modulating cytokine secretion in the colon[32]. Other studies 

shows that F.Prausnitzii is reduced in T2D-patients[7,33]. The reduction in diabetic-

associated parameters was similar with T2D-patients treated with berberine (one of the main 

chemical components in GQD) in another trial[34]. The study with Chinese Herbs was 

probably the first to demonstrate dose-dependent efficacy of GQD in humans, and similar 

results are presented in animal-studies[35,36]. The dose-dependent modulation of gut 

microbiota correlated with dose-dependent alleviation of T2D-symptoms, where gut 

alterations improved first, which indicates strong evidence for modulation of T2D-

parameters by GQD via gut microbiota modulation.  

   The second study to conclude association was based on Ma-Pi 2 diet, which is described 

as a fibre-rich, mainly vegetarian diet in line with dietary recommendations from the 

Academy of Nutrition and Diabetics[37]. This diet also improved diabetes-related 

parameters in a previous study[38]. The present study showed gut microbiota enriched in 

pro-inflammatory, and depleted in anti-inflammatory components, which are in line with 

previous studies[6,7]. An additional study, Sato et al., confirmed dysbiosis in T2D patients, 

and could also demonstrate translocation of live gut bacteria into the bloodstream[31]. A 

previous study suggested that gut bacteria components in blood, measured with 16S rDNA, 

is a risk-factor of developing diabetes[39]. However, intervention with Ma-Pi 2 diet 

confirmed gut microbiota modulation correlated with reduced FBG, PPBG, HOMA-IR and 

inflammatory markers. Like the Chinese Herb study, it also found negative correlation 

between Faecalibacterium and FBG[25,26]. 
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   Nutritional modulation of gut microbiota composition is in line with previous findings, 

although no specific advantageous food could be identified in this study due to 

heterogeneous diet interventions[16,17,40]. 

   Of 9 studies based on diet intervention, eight confirmed gut microbiota modulation, which 

varied from increased diversity, greater faecal water content or modified urine-

metabolites[20–23,25–28]. Faecal water content reflects gut transit time, and shorter time 

means less replication time for bacteria[41]. Stool consistency and frequency are both 

associated with gut microbiota composition[42,43]. Urine-metabolites is an alternative to 

faeces when examining gut microbiota, since generated metabolites highly correlate with 

signatures found in urine[44]. Notable is the theory that bacterial species were not created 

equal, so the abundance of a specific art do not have to determine its impact on the human 

microbiome[45,46]. This is important for further studies to consider when determining study 

design, in order to be able to draw accurate conclusions.  

   Of eight studies that confirmed gut microbiota modulation mentioned above, three studies 

examining supplementation with Kiwi, Pistachio and butyrate and/or HP Inulin also found 

some improvements on diabetes-related variables, but could not with certainty determine 

whether this was directly associated with gut microbiota modulation[20,21,27]. This does 

not, however, exclude the possibility that future studies may confirm such an association. 

An additional three studies using dietary assessment programs could not conclude any 

association. These included much information on gut microbiota modulation in relation to 

diet, but only partially evaluated the link with diabetes-related variables. The studies were 

too heterogeneous in measured outcome parameters to draw an overall conclusion, and 

confirmed that further evidence are needed[29–31].  

   In total, four studies showed no association, of which three were high-fibre diets and one 

supplementation with sardines[22–24,28]. These articles discussed whether duration, doses, 

follow-up, compliance or other factors could have been crucial for the result. This is a well-

known problem when performing human studies, since a variety of factors could possibly 

interfere with the intended intervention. The lack of sterile environment was one of the main 

reasons for including only human studies in this review, since the laboratory-based sterile 

environments in animal studies do not correspond to the human gut environment.  One of 

the above mentioned studies, examining the Okinawan diet, did however demonstrate a need 

for reduced anti-diabetic treatment in over 50 % of participants, which is a considerable 

number taking diabetes treatment in consideration, even though it was not linked to gut 

microbiota modulation[28]. 
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         A limitation of systematic reviews is that search and screening is performed by 

title/abstract-reading in first line, which automatically excludes articles without the 

keywords of our aim in their title/abstract. This places high demands on authors to include 

every aspect of their study in title/abstract to be found by other researchers. 

   Another limitation was the scope of this D-essay with maximum 3500 words, which in 

combination with the heterogeneity, made it impossible to fully present included studies, 

and go into details on the negative findings. This also limited the presentation to factors 

hand-picked from studies, which in turn is a risk of reporting bias. This study thereby chose 

to limit the presentation to significant results, regardless whether these were positive or 

negative. This do not, however, change the conclusions of the studies presented. 

   A limitation was also that no boundary for risk of bias was set in the quality grading for 

exclusion from the study, which included six studies with high-risk of bias[21,23,25,29–31]. 

This was considered adequate since no meta-analysis could be done and therefore only 

indicative conclusions could be drawn. 

   Publication bias should also be considered. Studies with negative results might never 

become published, which distorts the proportions between positive and negative outcomes in 

the current state of knowledge. 

   The majority of studies missed information regarding co-morbidity and medications, 

which might mask the effect of the interventions. This is a problem especially when 

applying the results to their intended audience since most elderly people are known to have 

a wide array of medications[24,28]. 

   Notably, 56 % of the articles found in the literature search were reviews. Those were not 

included in the study, but shows that this is still an unexplored area, however of great 

interest for the scientists. When continuing screening, a large proportion were animal-

studies, which indicates research still in early stage.  

   Included studies were too heterogeneous in both outcomes measured and study design to 

perform meta-analysis or make general conclusions. However, the heterogeneity indicates a 

gap of knowledge, and need for further evidence. Even though four studies contradicted an 

association, and only two studies confirmed it, the remaining six studies must be further 

evaluated to be able to finally exclude a possible link. When taking diabetes into a larger 

perspective, it seems necessary both socially and economically to further investigate the 

potential for diet as a gut modulatory treatment of diabetes, especially with the intestinal 
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flora already shown to play a potential role in other diseases, such as IBD, autism, 

atherosclerosis and cardiovascular disease[47–50]. 

   In the future, we will probably see more data confirming or refuting these initial findings. 

The area have great potential, but are also at high risk of being over-interpreted in media, 

which is why compilations like this are important for quality assessing existing data.  

   In conclusion, this review demonstrates a health-beneficial link between diet, gut 

microbiota and improvement of type 2 diabetes or pre-diabetes in humans, when performing 

diet intervention with a Chinese herb or a Ma-Pi 2 diet. Diet intervention with sardines, 

Okinawan diet or GOS-supplementation failed to demonstrate any association. The eight 

studies suggesting potential health-benefits do not exclude, even though they cannot prove, a 

potential for future treatment methods with diet via gut modulation. This indicates a need for 

further studies to confirm and further explore this possibility. The knowledge gap 

demonstrated by this systematic review is important to explore, since finding a diet that via 

gut microbiota modulation could manage diabetes progression would certainly mean a great 

step forward in overcoming a huge global problem. 
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Appendix A – Baseline characteristics 

First author, 

year 

1st 

or 

2nd 

aim 

Study 

design 

Participants (n) 

(M/F), [age range] 

Drop-

outs (n) 

(total) 

Type of 

diabetes 
Definition diabetes 

Duration of 

disease (years) 

Comorbidity or other 

medication 
Anti-diabeticmedication 

N. 

Roshanravan 

2018, [20] 

1st 
RCT with 
four groups 

N=60 from start 
Baseline info: 
N=59(22/37) 
IA:[45.87±8.05] 

IB:[51.47±6.46] 
IC:[47.14±7.99] 
C:[51.73±8.44] 

N=1 
(1.7%) 

T2D 
American Diabetes Association 
criteria 

IA:[1.63±0.36] 
IB:[1.61±0.34] 
IC:[1.71±0.40] 
C:[1.43±0.31] 

Not reported 
Metformin 
Glibenclamide 

R. Wilson 

2018, [27] 
1st SCRED 

N=26(13/13) 
[66±9] 

N=5 
(19%) 

Pre-D 
American Diabetes Association 
criteria 

Not reported Evaluated but not reported None 

P. 

Hernández-

Alonso 

2017, [21] 

1st 
RCT with 
two groups 

N=54 from start 

Baseline info: 
N=39 (20/19) 
[55.3±2.1] 

N=15 
(27.8%) 

Pre-D Not defined Not reported Not reported Not reported 

E. Canfora 

2017, [22] 
2nd 

RCT with 
two groups 

N = 44(23/21) 
I: [59.2±7.2] 
C: [58.4±7.3] 

N = 2 
(4.5%) 

Pre-D 

Impaired FBG ≥5.6 mmol/L. 
Impaired glucose tolerance = plasma 
glucose 7.8-11 mmol/L 2 hours after 
oral glucose tolerance test. 

Not reported Not reported None 

F. Huang 

2017, [28] 
1st SCRED 

N=30(13/17) 
[57.5±8.2] 

N=7 
(23%) 

T2D Not defined 10.4±7.6 Not reported 
Metformin(40%) 
Metformin+insulin(27%) 
Other (33%) 

M. Balfegó 

2016, [23] 
2nd 

Multicentre 
RCT with 
two groups 

N=35(16/19) 
I: [60±1.7] 
C: [61.2±2.4] 

N=3 
(8.6%) 

T2D 
American Diabetes Association 
criteria + HbA1c 6-8% 

Not reported Not reported None 

C. Pedersen 

2016, [24] 
2nd 

RCT with 
two groups 

N=32 from start 

Baseline info: 
N=29(29/0) 
I:[56.7±1.6] 
C:[58.1±1.7] 

 
N=17 
(53%) 

T2D Not defined Not reported 
Other medications presented – 
statins and blood pressure 
medications most common 

Metformin(34%) 
Metformin+Gliclazide(17%) 
Other(28%) 

M. Candela 

2016, [25] 
1st RCT 

N=53(24/29) 
I:[67.4(50-77)] 
C:[65.4(51-74)] 
P:[32.4(21-40)] 

None 
reported 

T2D Not defined Not reported Not reported Not reported 

L. Egshatyan 

2016, [29] 
1st 

Cross-

sectional 
with three 
groups 

N=97 from start 

Baseline info: 
N=92(26/66) 
IA:[48.3±14.1] 

N=5 
(5.2%) 

Pre-D + 
T2D 

PreD=impaired fasting glucose or 

impaired glucose tolerance or the 
level of HbA1c from 5.7-6.5% 
T2D disease duration <12 month 

Pre-D: 

[0.22±0.031] 
T2D: 
[0.78±0.069] 

Healthy without drugs None 
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IB:[55±9.9] 
IC:[58.4±8.8] 

and HbA1c from 6.5-9.0% 

Y. 

Yamaguchi 

2016, [30] 

1st 

Cross-

sectional 
with one 
group 

N=59(25/34) 
[65(58.5-69)] 

None 
reported 

T2D Japanese Diabetes Society´s criteria Not reported 

Yes n=56 

No = 15 
Antihypertensive drugs=28 
Lipid-lowering drugs=27 

Yes n=56 
Insulin with/without oral=11 
Oral therapy only=47 

J. Xu 

2015, [26] 
2nd 

RCT with 
four groups 

N=56/group 
Baseline info: 
N=187 (115/72) 
IA:[55.06±7.49] 

IB:[53.18±8.89] 
IC:[51.24±9.10] 
C:[54.23±8.56] 

N=37 
(16.5%) 

T2D 
1999 World Health Organization 
criteria 

Not reported Not reported None 

J. Sato 

2014, [31] 
1st 

Cross-
sectional 
with two 
groups 

N=100(52/48) 
I:[62.5±10.8] 
C:[60.2±12.9] 

None 
reported 

T2D Not defined 
I: 9.0(5.0-21.5) 
C: - 

Medication for other disease: 
I=42, C=32 
Antihypertensive: I=26, C=10 
Lipid-lowering: I=22, C=6 
Thyroid disease: I=0, C=12 

T2D group (n=50) in total 
Yes=43 
No=7 
Insulin with/without oral=12 
Oral therapy only=31 

n = number, M/F = male/female, IA = intervention group A, IB = intervention group B, IC = intervention group C, C = control group, P = placebo, , Pre-D = pre-diabetes,  
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Appendix B – Framework and limitations of included studies 

 
First author Inclusion-criteria Exclusion-criteria Study limitations Conflict of 

interests 

Risk of 

bias 

Roshanravan 

[20] 

History of DM >6 months, consumption of anti-
diabetic drugs, age 30–55, BMI: 27–35kg/m2. 

History of diagnosed GI-disease, coronary heart disease, renal failure, thyroid disease, 
liver or pancreatic illness, pregnancy or lactation, insulin therapy, consumption of pre- or 
probiotics, antibiotic or antacid drugs, and alcohol or tobacco use at the time of 
recruitment. 

Did not study related factors 
as: SCFAs, inflammatory 
markers, endocannabionoid 
levels 

No Medium 

Wilson 

[27] 

Participants (≥18 years) who met the ADA 
diagnostic criteria for prediabetes (HbA1c result of 
39–46 mmol/mol) 

Individuals unable to give informed consent, those with an HbA1c outside the diagnostic 
range for prediabetes (HbA1c result of 39–46 mmol/mol), those with a previous diagnosis 
of diabetes, or those on diabetes medications such as Metformin. In addition, individuals 

who had taken antibiotics in the last month, those with a medical history of significant 
gastrointestinal disease (for example, inflammatory bowel disease), previous bowel 
resection, those with a known kiwifruit allergy, women who were pregnant, breastfeeding 
or planning a pregnancy and those planning to travel overseas in the three months post 
selection (trial period) were also excluded. 

Small sample size, no pre-
screen of vitamin C status – 
50 % already adequate 

levels. No vitamins C 
supplement to compare 
with. Risk of misreporting 
when assessing dietary 
habits. 

No Medium 
 

Hernández-

Alonso 

[21] 

Community-living, age 25–65, BMI≤35 kg/m2, 
FBG 100-125 mg/dL. 

Diabetes or using oral anti-diabetic drugs; alcohol, tobacco, or drug abuse; frequent 
consumption of nuts or allergy to them; use of plant sterols, psyllium, fish oil supplements 
and multivitamins, vitamin E, or other antioxidant supplements; bad dentures, involving 

difficulty to chew pistachios; vegetarian or a hypocaloric diet to lose weight; pregnant or 
wishing to become 9 months before or during the study or lactating 6 weeks before or 
during the study; significant liver, kidney, thyroid, or other endocrine diseases; or 
medical, dietary, or social conditions that hinder compliance. 

Prediabetic subjects, no 
other reported 

J.S.-S. is a 
nonpaid 
member of the 

Scientific 
Advisory 
Council of the 
International 
Nut Council 

High 

Canfora 

[22] 

Overweight and obese (BMI 28–40 kg/m2) 
Caucasian men and postmenopausal women, age 

45–70, with impaired FBG and/or glucose 
tolerance. Weight-stable at least 3 months before 
study. 

Diagnosis of diabetes; gastro-enterologic diseases or prior abdominal surgery; 
cardiovascular diseases; liver or kidney malfunction; life expectancy <5 years; following a 

hypocaloric diet; or use of antibiotics, prebiotics, or probiotics in the 3 months before or 
during the study period. Use of b-blockers, lipid- or glucose-lowering drugs, anti-
oxidants, or chronic corticosteroids. 

Did not measure post-
prandial metabolism 

No Low 

Huang 

[28] 

T2D, age 18-70, both parents born in Scandinavia Inability to understand the Swedish language;  severe food allergy; severe heart, 
pulmonary, cardiovascular, malignant or psychiatric disease; severe liver disease 
(spontaneous prothrombin complex (INR) > 1.1); severe renal disease (GFR < 30 
mL/min/1.73 m2); pregnancy;  already on on-going weight-reducing diet; major prior 
gastrointestinal surgery; alcohol and/or drug abuse 

None reported No Medium 

Balfegó 

[23] 

Free-living, age 40-70, T2D, BMI 26-35 kg/m2, 
HbA1c 6-8%, no insulin or anti-diabetic drug, <3 
servings fish/week 

Acute cerebrovascular or cardiovascular event in the last 2 month. Steroids or anti-
inflammatory. Changes in chronic medication in the last 3 month. Omega 3 supplement. 
Fish or fish-protein allergy. 

Small sample size, HOMA-
IR as measure of insulin 
sensitivity, dietary 
intervention even in 
controls  

No High 

Pedersen Men, well-controlled T2D, age 42-65 Women (due to administration of 15Cr-EDTA with potential influence on menstrual All prebiotic patients with No Medium 
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[24] cycle), use of antibiotics in the past 3 months, use of anti-inflammatory medications 
(except a low-dose (75 mg/d) aspirin), diuretics, proton-pump inhibitors, inflammatory 

bowel disease, Crohn’s disease, coeliac disease and irritable bowel syndrome. 

bacterial data were on 
metformin, but only 7 in 

placebo. Small sample size. 
Potential confounding 
effects of other medications.  

Candela 

[25] 

T2D diagnosed at least 1 year before the start of the 
trial, treated exclusively with dietary intervention, 
oral hypoglycaemic drugs or both for 6 months 
before study entry. 

Use of insulin either at present or at any time in the 2 years before the study, current use 
of corticosteroid therapy or any other drug that can interfere with carbohydrate 
metabolism, alcohol abuse and pregnancy. Subjects who already followed a macrobiotic 
diet. 

None reported No High 

Egshatyan 

[29] 

From Moscow and Moscow region (Caucasian 
race). Age 25-75, with different glucose tolerance. 
Newly diagnosed T2D. No use of any 
hypoglycaemic drugs. Also patients (n=5) who did 
not take hypoglycemic drugs due to different 
reasons (not high glucose levels, lack of awareness 
of the disease seriousness, or refusal of medical 
intervention, etc.) were included. 

Type 1 and other specific types of diabetes; regular intake of any drug (including 
antibiotics during the last 3 months, hypoglycemic drugs); severe diabetic micro-
angiopathy (preproliferative and proliferative diabetic retinopathy, CKD 3b–5 stages); 
cardiovascular diseases: chronic heart failure class II–IV (New York Heart Association), 
valvular heart disease; chronic liver and kidney failure; cancer; pregnancy; lactation; 
moderate and severe anemia; infectious diseases; acute gastrointestinal tract diseases; the 
operations on the abdominal organs; diagnosed lactase intolerance; diagnosed allergic 
reaction to any food; a history of organ transplantation; diseases of the oral cavity and 

dentofacial system; refusal to participate in the study. 

Male/female-ratio, No High 

Yamaguchi 

[30] 

Established diagnosis of T2D, HbA1c 5.8-7.5%, 
stable medication dosage for at least 1 month and 
stable DM condition for at least 3 months (HbA1c 
change <1.0%) 

History of gut-resection None reported No High 

Xu 

[26] 

Newly diagnosed T2D, who had not received 
pharmacological treatment, age 30-65, 

HbA1c≥7.0%, FBG<13.9mmol/L, BMI>18kg/m2, 
informed consent 

Acute diabetic complications (diabetic ketosis, diabetic ketoacidosis and severe 
infections), contractive pressure>160 mmHg or diastolic pressure>100 mmHg, pregnancy 

or planned pregnancy, breast-feeding, psychiatric disease, allergy -especially to TCM, 
severe dysfunction of important organs, attending other clinical trials present or one 
month before, severe chronic diabetic complications, alcohol abuse and/or psychoactive 
substances, drug abuse and dependency within the past 5 years, patients who might be lost 
to follow up according to the researcher’s judgment, such as unpredictable diseases and 
variable living environment, fluctuating dosage and category of lipid-lowering or 
antihypertensive drugs, serum alanine aminotransferase, aspartate aminotransferase 
greater than 100 IU/liter, abnormal serum creatinine or serum urea nitrogen. 

None reported No Medium 

Sato 

[31] 

T2D, Japanese, regularly visiting the Outpatient 
Clinic of Juntendo University Hospital between 
2011 and 2012, control group with well-controlled 
hypertension, dyslipidemia or thyroid disease and 
HbA1c<6.0% (42mmol/mol), also regularly visiting 
the Outpatient Clinic of Juntendo University 
Hospital 

1) Proliferative retinopathy; 2) age ≥80 years; 3) serious liver disease (aspartate 
aminotransferase and/or alanine aminotransferase level >100 IU/L) or serious kidney 
disease (serum creatinine level >2.0 mg/dL; 4) acute heart failure; 5) malignancy; 6) 
inflammatory bowel disease; and 7) a history of treatment with antibiotics within 3 
months of study participation. 

No OGTT in controls to 
exclude diabetes, cross-
sectional design, T2D 
patients were also obese, 
small sample size 

Yes, many 
pharmaceutica
l pharmacies 
etc. 

High 

DM = diabetes mellitus, BMI = Body Masss Index, ADA = American Diabetes Association, , Pre-D = pre-diabetes, GI = gastro-intestinal, b-blockers = beta-blockers, INR = international 

normalised ratio, GFR = glomerular filtration rate, 15Cr-EDTA = chromium ethylenediamine tetraacetic acid, CKD = chronic kidney disease, TCM = traditional Chinese medicine, IU = 

international unit, OGTT = oral glucose tolerance test
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Appendix C – Excluded full-text studies with reason 

 

 

Reasons for exclusion of articles after full-text reading 

Title Author, year Reason for exclusion 

Role of resistant starch on diabetes risk factors in people with 

prediabetes: Design, conduct, and baseline results of the STARCH 

trial 

Marlatt, 2018 Not relevant outcome measure 

(do not report gut microbiota) 

Essential fatty acids Linoleic acid and alfa-linolenic acid sex-

dependently regulate glucose homeostasis in obesity 

Zhuang, 2018 Not relevant outcome measure 

(gut microbiota only reported in 

mice) 

Fecal Enterobacteriales enrichment is associated with increased in 

vivo intestinal permeability in humans 

Pedersen, 

2018 

Not relevant intervention  

(no diet intervention) 

Gut bacteria selectively promoted by dietary fibers alleviate type 2 

diabetes 

Zhao, 2018 Not relevant outcome measure 

(gut microbiota only reported in 

mice) 

Variation of Carbohydrate-active enzyme patterns in the gut 

microbiota of Italian healthy subjects and type 2 diabetes patients 

Soverini, 2017 Not relevant for scope 

Effect of aerobic exercise and low carbohydrate diet on pre-diabetic 

non-alcoholic fatty liver disease in postmenopausal women and 

middle aged men - the role of gut microbiota composition: study 
protocol for the AELC randomized controlled trial 

Liu, 2014 Baseline data incompletely 

published, not relevant outcome 

(gut microbiota are not evaluating 
diabetes) 

Gut microbiota metabolites of dietary lignans and risk of type 2 

diabetes: A prospective investigation in two cohorts of U.S. 
Women 

Sun, 2014 Not relevant outcome measure 

(do not report diet in comparison 
with gut microbiota) 

Strict vegetarian diet improves the risk factors associated with 

metabolic diseases by modulating gut microbiota and reducing 

intestinal inflammation 

Kim, 2013 Not relevant population 
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Appendix D 

 

Etisk reflektion 

 

Röjande av sekretessbelagd information eller men för enskild patient utgör en nästintill 

obefintlig risk vid systematiska litteraturstudier, dock finns andra aspekter att ha i åtanke. 

Främst rör detta urval och sammanställning av den information som inkluderas. Det är 

allmänt känt att forskare till viss del kan vinkla och tolka resultat på det sätt som gynnar deras 

intressen, vilket kan påverka resultaten. Det är därför viktigt att på ett objektivt sätt granska 

och värdera de artiklar som inkluderas i studien, gärna av två oberoende personer. 

Selektionssnedvridning är en viktig faktor. Alla resultat bör inkluderas och presenteras, 

oavsett om de står i enlighet med förväntad frågeställning eller inte. Även motstridiga resultat 

skall presenteras. Sökningen förväntas ske systematiskt och presenteras med transparens och 

reproducerbarhet. Resultaten diskuteras med hänsyn till dess tillförlitlighet och applicerbarhet 

i den undersökta målgruppen. Tanke bör även väckas, att det finns ett möjligt mörkertal med 

studier, oftast med negativa resultat, som aldrig publiceras.  

 

Diabetes är ett världsomfattande problem och stort etiskt dilemma – både gällande tillgång 

till sjukvård och mediciner, men även kunskap och förebyggande insatser. Möjligen skiljer 

sig västvärlden och omvärldens etiologi och patogenes något, pga. signifikanta skillnader i 

socioekonomi och levnadsstandard. Detta är en viktig aspekt att ta hänsyn till i senare skede 

då tillämpning av resultat bör spegla studiepopulationen, och det allt som oftast är den 

ekonomiskt starkare delen av världen som både inkluderas i och finansierar studierna. 

Långsiktigt är dock forskning kring denna snabbt ökande sjukdom viktig globalt, inte minst 

ur ett samhällsekonomiskt perspektiv. 
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Appendix E 

 

Cover letter 

 

Lyn Reynolds 

American Diabetes Association Journals Editorial Office 

5665 N. Post Road, Suite 202 

Indianapolis, IN 46216 

 

Dear Lyn Reynolds, 

 

Please, consider the enclosed manuscript entitled “The Link Between Diet, Gut Microbiota 

And Type 2 Diabetes/Pre-diabetes In Humans” for publication in American Diabetes 

Association Journals. This systematic review examined whether there is a scientifically well-

supported link between certain food or diets and gut microbiota dysbiosis, and if it in turn had 

any beneficial or disadvantageous effects for the development or treatment of type 2 diabetes 

or pre-diabetes in humans.  

 

Literature search was done in PubMed and Cochrane. The majority of diet interventions in 

the articles included observed at least some improvements of diabetes status via gut 

modulation. This would be a both healthy and cost-effective way of treating diabetes patients 

in the long run.  The review also concludes that this area has a large gap of knowledge, 

however with certain potential for future development. This is important to convey 

considering the increasing number of people suffering from diabetes worldwide.  

 

This review has followed the design and quality assessment from Swedish Agency for Health 

Technology Assessment and Assessment of Social Services (SBU), and was done by two 

independent researchers – myself and my supervisor Anders Rosengren. The topic of this 

review makes it suitable for publication in Diabetes Care. 

 

Hopefully you will consider our manuscript for publishing - looking forward hearing from 

you!  

 

Sincerely, 

Christine Hansson 

 

Bachelor of Medicine 

Institution of Medical Sciences 

Örebro University 

 

christinehansson@hotmail.com 

0046-737 08 02 10 

 

 

Örebro 

May 2, 2019 
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Appendix F 

 

Populärvetenskaplig sammanfattning 

 

 

Kan tarmfloran öppna upp för nya behandlingsmetoder av typ 2 diabetes och pre-

diabetes? 

 

Diabetes är en allvarlig hälsofara som fortsätter att öka! . År 2045 räknar man med att 629 

miljoner människor kommer vara drabbade. Av dessa står diabetes typ 2 för 85-90 % och 

människor med pre-diabetes – ett för-stadie till diabetes typ 2, löper hög risk att drabbas. 

Förutom förödande konsekvenser för kroppens kardiovaskulära system, dödar sjukdomen 1.2 

miljoner människor varje år. En hälsofara framför allt, men ett samhällsekonomiskt problem 

inte minst!  

 

Nya rön pekar på att tarmfloran kan ha en bidragande roll i utvecklingen av diabetes, genom 

att toxiner spiller över från tarmen till blodbanan och ger upphov till den systemiska 

inflammation som är en del av sjukdomsutvecklingen vid diabetes typ 2 och pre-diabetes. 

Tarmfloran i sin tur kan moduleras via kosten.  

 

Med den senaste tidens växande trend kring anti-inflammatorisk föda och populära kostråd 

för att äta sig fri från sjukdomar, ville vi med denna systematiska översikt ta reda på det 

aktuella kunskapsläget i denna fråga – vad har vetenskapligt underlag, och vad är fortfarande 

enbart teorier? 

 

Studien kunde påvisa en stor kunskapslucka och ett till stor del outforskat forskningsfält! 

Majoriteten av de 12 aktuella studierna på detta område, kunde dock med kostens hjälp 

påvisa viss modulerande effekt med potential att påverka sjukdomsprogressen. Detta är ett 

viktigt område för framtida forskningsstudier, med stor potential att kunna påverka den 

oroväckande spridning av diabetes som sker världen över. 

  


