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1 Summary 

Due to the modern western style diet, the consumed Omega-6 (n-6) to Omega 3 (n-3) 

fatty acids ratio has notably increased. Mechanisms like increased lipogenic activity, 

impaired oxidation of fatty acids and increased production of proinflammatory 

eicosanoids may link an increased dietary n-6/n-3 ratio to NAFLD. The objective of this 

cross-sectional study with a cohort of biopsy proven NAFLD patients, was to point out 

associations between the n-6 and n-3 fatty acids consumption, the gut bacterial 

composition and the disease severity 1.  

NAFLD study participants (n=101) were enrolled to fill out a food and activity record for 

14 days. All study participants provided stool samples evaluated with the use of 16S 

rRNA gene sequencing. The personal dietary composition of each patient was 

determined using Ebispro 2016 professional software. This allowed us to divide the 

patients into quantiles with a low (Q1), moderate (Q2) or high (Q3) dietary n-6/n-3 ratio 

of <6.1 (n=34), 6.1–7.8 (n=33), >7.8 (n=34), respectively. The gut microbiota 

composition was analyzed using Spearman correlation coefficients as well as principal 

coordinate analysis. Within our total study collective, the data of biopsy proven NAFLD 

patients (n=63) was collected to draw conclusions regarding the histological disease 

severity 1.  

Median age of all study participants was 53 years (range: 19-80 years) and 47% were 

female. The median n-6/n-3 fatty acid ratio in the groups Q1, Q2 and Q3 was 4.9 (IQR 

1.4); 6.7 (IQR 0.8) und 9.4 (IQR 1.9), respectively. The presence of certain bacteria 

displayed a positive (Catenibacterium (genus); Lactobacillus ruminis (species)) or 

negative (Clostridium (genus)) correlation with the dietary intake of n-6 fatty acids. 

However, we could not show any significant associations between the n-6/n-3 ratio in 

the diet, the gut microbiota composition, and the histological disease severity by 

comparing the three quantiles 1.  

As a result, the exact relation between specific human gut bacteria and n-6 fatty acids 

in NAFLD development remains an open field of research. In this study there is 

currently no evidence that an increased consumption of n-6/n-3 fatty acids represents 

a major contributor in NAFLD development 1. 

 

Zusammenfassung 
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In der modernen westlichen Ernährung ist die Relation von Omega-6- (n-6) zu Omega-

3-Fettsäuren (n-3) deutlich angestiegen. Ein hohes Verhältnis wird mit der 

nichtalkoholischen Fettlebererkrankung (NAFLD) in Verbindung gebracht, da es die 

Lipogenese und Fettsäureoxidation beeinträchtigen kann, zur Produktion von 

entzündungsfördernden Eicosanoiden führt und die Zusammensetzung der 

Darmmikrobiota beeinflusst. In dieser Querschnittsstudie wurde die Beziehung 

zwischen dem n-6/n-3 Verhältnis in der Nahrung und der Zusammensetzung der 

bakteriellen Darmikrobiota sowie dem Schweregrad der Erkrankung bei Patienten mit 

nichtalkoholischer Fettlebererkrankung (NAFLD) untersucht 1. 

An der Studie nahmen 101 NAFLD-Patienten teil, wobei 63 davon bioptisch gesicherte 

NAFLD Fälle waren. Alle 101 Patienten führten ein 14-tägiges Ernährungs- und 

Aktivitätsprotokoll. Zusätzlich wurden anthropometrische, demografische und klinische 

Daten für alle Patienten erhoben. Die Software Ebispro 2016 Professional wurde 

verwendet, um die Aufnahme der einzelnen Makro- und Mikronährstoffe zu berechnen. 

Die Patienten wurden in drei Quantile (Q1-3) entsprechend einem niedrigen <6.1 

(n=34), moderaten 6.1–7.8 (n=33) und hohen >7.8 (n=34) n-6/n-3-Verhältnis in der 

Nahrung eingeteilt. Die Stuhlproben wurden mittels Sequenzierung des 16S rRNA-

Gens analysiert. Die Unterschiede in der bakteriellen Zusammensetzung der 

Darmmikrobiota wurden mittels Spearman-Korrelationskoeffizienten und 

Hauptkoordinatenanalyse analysiert 1. 

Das mediane Alter aller Patienten betrug 53 Jahre, 47 % waren weiblich. Medianes n-

6/n-3 Verhältnis aller Patienten war 6,7 (2,9 IQR). Das n-6/n-3 Verhältnis in den 

Gruppen niedrig, moderat und hoch betrug im median jeweils 4,9 (IQR 1,4); 6,7 (IQR 

0,8) und 9,4 (IQR 1,9). Im Vergleich der drei Gruppen wurden keine signifikanten 

Unterschiede in der Zusammensetzung der Darmmikrobiota oder eine Assoziation mit 

einer fortgeschritteneren Verlaufsform der Erkrankung beobachtet. Es wurde jedoch 

festgestellt, dass der Konsum von n-6 Fettsäuren mit der Häufigkeit spezifischer 

Bakterien wie Catenibacterium (Gattung) oder Lactobacillus ruminis (Art) positiv und 

der Häufigkeit von Clostridium (Gattung) negativ korreliert 1.   

Zusammenfassend scheint ein hohes Verhältnis von n-6 zu n-3 in der Nahrung 

wahrscheinlich kein ausschlaggebender Faktor für die Entstehung der NAFLD in 

dieser Kohorte zu sein. Weitere Studien sind erforderlich, um die Bedeutung der 
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Wechselwirkungen zwischen Teilen der Darmmikrobiota und n-6-Fettsäuren für die 

Pathophysiologie der NAFLD zu klären 1. 

 

2 Introduction 

2.1 Non-alcoholic fatty liver disease (NAFLD)  

2.1.1 Definition  

Non-alcoholic fatty liver Disease (NAFLD) is a chronic liver disease with a growing 

health impact worldwide. NAFLD is histologically divided into the two phenotypes; non-

alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH). NAFL describes 

a simple steatosis with storage of extra liver fat with a hepatocyte fat concentration at 

the minimum of 5%. An additional inflammation and injured ballooned hepatocytes 

define the state of a NASH 2. NAFLD patients with progressive disease severity are at 

higher risk to develop further liver damages like fibrosis, cirrhosis and hepatocellular 

carcinoma (HCC) 3. In addition, NAFLD seems to be closely related to the metabolic 

syndrome (MS)., as the MS is reported to be prevalent in around 30% of NAFLD 

patients. Therefore, NAFLD has recently been quoted “the hepatic manifestation of the 

MS” 3,4. Although NAFLD occurs more frequently in obese subjects, NAFLD can also 

affect lean individuals 5. This reflects the complex pathogenesis of NAFLD and that the 

MS is one of multiple factors involved in the disease development.  

 

2.1.2 Epidemiology  

The overall prevalence of NAFLD around the world is approximitly 25%. The 

prevalence in Europe ranges around 20-30% with a prevalence of NASH of 3% 4. The 

prevalence of NAFLD may vary significantly depending on other comorbidities. In North 

America, the NAFLD prevalence in morbidly obese patients and diabetic (type 2 ) 

patients can rise up to 90% and 70%, respectively 6. With the rising obesity rate 

children are also at risk to develop NAFLD. Thus, the worldwide prevalence for 

pediatric NAFLD is approximately 7.6% 7. Unfortunately, with an increasing prevalence 

in the United States of America, NASH has emerged as a major reason for liver 

transplantation 8.  
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2.1.3 Pathogenesis of NAFLD 

The “multiple parallel hits hypothesis” describes the complex development of NAFLD 

as an interaction of several factors 9. The human adipose tissue is the first important 

factor. Fueled by excess body weight, insulin resistance and lipolysis, increased 

amounts free fatty acids are being released from human fat cells 10. Free fatty acids 

function as a substrate for triglycerides synthesis stored in the liver 11. Increased de-

novo lipogenesis as well as an impaired hepatic fatty acid oxidation contribute to the 

accumulation of triglycerides in the liver 10. Additionally, inflammatory cytokines like 

interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-α) are set free from the 

adipose tissue and transported to the liver 12. Eventually, this interaction may result in 

hepatic steatosis, hepatocyte injury via recruiting of further immune cells and liver 

fibrosis due to activated hepatic stellate cells 13. Secondly, the diet is a fundamental 

aspect in the development of NAFLD. Consuming the western-style diet loaded with 

saturated fatty acids and sugar likely increases the risk for NAFLD 14. Furthermore, 

dietary components have a direct influence on the host’s gut microbiota 15. In fact, 

another important pathway in the pathogenesis of NAFLD is an imbalanced gut 

microbiota composition, also known as dysbiosis 16. Finally, genetic pathways are also 

risk factors for NAFLD disease manifestation. For example, studies linked a sequence 

variation of patatin-like phospholipase domain-containing 3 (PNPLA3), to increased 

hepatic steatosis 17.  

 

2.1.4 Treatment and Prognosis  

Lifestyle modification is the first step in NAFLD treatment. Dietary interventions 

resulting in weight loss are most effective with a relative reduction of hepatic 

triglycerides up to 80% 18. To reduce liver steatosis a weight loss of at least 5% needs 

to be achieved 19. To improve liver fibrosis a higher weight loss of at least 10% should 

be aspired 20. Although any hypocaloric diet can lead to weight loss, the Mediterranean 

diet is widely recommended as the best option to reduce liver fat and can also improve 

type 2 diabetes or cardiovascular disease 21,22. Alongside the dietary intervention, 

physical exercise for at least 3 hours weekly has been proven to show positive effects 

on hepatic triglyceride content and visceral adiposity 21,23. So far, no pharmacologic 

agents have been approved for the treatment of NAFLD. Medication in NAFLD is only 

recommended within the treatment of common comorbidities such as diabetes (e.g., 
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metformin and glucagon-like peptide-1 receptor agonists) or hyperlipidemia (e.g., 

statins) 24. Surgical interventions like bariatric surgery can be considered if patients 

present with Class III obesity (BMI ³ 40 kg/m2), no comorbidities and failure of 

conservative therapy 24. At last, patients with decompensated liver cirrhosis should be 

listed for liver transplantation 8.  

 

2.2 Gut Microbiota  

2.2.1 Definition and impact on human health   

The microbiota is the collective of all microorganisms existent in a particular 

ecosystem. The microbiome, on the other hand, refers to the total genome of all 

microorganisms in a given ecosystem. Furthermore, an unbalanced composition of gut 

microbiota is referred to as a gut microbiota dysbiosis 25. In a healthy gut microbiota, 

the most abundant intestinal bacterial phyla are Firmicutes and Bacteroidetes 26. From 

the beginning in utero the human fetus is in contact with microbiota 27. As the human 

grows so does the individual microbiota composition influenced by numerous factors 

such as delivery mode, diet or infections 25,28-30. The human gut microbiota has been 

studied intensively during the past years. The close relation between the gut microbiota 

the human health has now become clear. Gut microbiota influence or even enable 

various functions in the human body and therefore several diseases have been linked 

to an intestinal dysbiosis. For instance, the gut microbiota take part in the maturation 

of a healthy immune system 31. In this context, the early use of antibiotics has been 

linked to an impaired immune function and can be a risk factor for childhood atopy 32. 

Further, the gut microbiota decisively assists the host with food absorption and helps 

to digest complex carbohydrates and increases energy harvest. Turnbaugh et al. 

demonstrated a notable increase in body fat content when transferring gut microbiota 

from obese mice into receiving germ-free mice 33. This indicates the great influence of 

intestinal microbiota on the metabolism of food and thus the emerge of obesity.  

 

2.2.2 Gut microbiota and NAFLD 

The gut microbiota is described to be one crucial “hit” in the development of NAFLD 

(Figure 1). Current research identified several pathways linking gut microbiota and liver 

damage. A gut microbiota dysbiosis has been shown to impair intestinal tight junctions 

leading to a disrupted intestinal barrier. This enables pathogen-associated molecular 
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pattern molecules (PAMPs) like lipopolysaccharides (LPS) to pass into the blood 

circulation. LPS for example are known to be part of the outer cell wall of gram-negative 

bacteria 34. PAMPs transported by the portal vein are then recognized by hepatic toll-

like-receptors (TLR). As part of the hepatic immune response kupffer and stellate from 

the liver are being activated leading to intrahepatic inflammation via secretion of 

proinflammatory cytokines like IL-6 and TNF-α 35. The term ‘gut liver axis’ best 

describes this important connection between the intestine and the liver 36. Recently the 

gut microbiota has been linked to enhancing de-novo lipogenesis and therefore 

increasing the availability of lipids for liver fat deposit. Acetate is a metabolite from the 

carbohydrate digestion produced by the gut microbiota and functions as a precursor in 

the production of triglycerides 37. The choline metabolism in humans is an additional 

factor in liver disease. NAFLD is associated with the abundance of trimethylamine-N-

oxide, a substance occurring in the metabolic pathway of choline when broken down 

by intestinal microbiota 38. Furthermore, a dysbiosis is associated with an increased 

abundance of alcohol producing bacteria. This endogenous alcohol production leads 

to further hepatic injury as part of the NAFLD pathogenesis 39. Controversial findings 

have been published discussing short chain fatty acids (SCFA) as part of the 

pathogenesis of NAFLD. SCFA are bacterial metabolites from carbohydrate digestion 

(e.g., Acetate). As opposed to healthy individuals, studies with NAFLD patients noticed 

elevated levels of fecal SCFA, which has been linked to hepatic steatosis via de-novo 

lipogenesis, inflammation and disease severity 37,40. On the other hand, supplementing 

SCFA to mice has led to increased fatty acid oxidation 41. This reflects the complexity 

of SCFA and the exact role of SCFA in NAFLD development is still discussed. Lastly, 

there has been a growing interest in the role of bile acids and their metabolism in 

NAFLD development. Overall, bile acids are important for the absorption of fats. The 

gall bladder functions as a storage for the bile acids derived by the liver, which are then 

further secreted by the bile duct. Gut microbiota can break down liver derived primary 

bile acid to secondary bile acids 42. Especially secondary bile acids have been linked 

to a disturbed signaling of the farnesoid X receptor that can lead to liver damage and 

intestinal inflammation. Patients with NAFLD exhibit not only generally higher levels of 

bile acids but also an imbalance of primary to secondary bile acids 43,44. 
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Figure 1. Gut-Liver-Axis. SCFA: short chain fatty acids; LPS: lipopolysaccharides; TMAO: 

trimethylamine-N-oxide; TLR: toll-like-receptors. * Created with biorender.com 

 

2.2.3 Gut microbiota as a therapeutic target  

As the liver health is influenced by the hosts gut microbiota, new therapeutic 

approaches focusing on the intestinal dysbiosis are being discussed (Figure 2). The 

main target is to promote healthy and beneficial gut microbiota and to improve overall 

metabolic homeostasis. Possible treatment options are (a) fecal microbiota transfer 

(FMT). Thereby, the entire gut microbiota of a healthy donor is transplanted to restore 

the gut microbiota dysbiosis in patients. This approach has already been successfully 

applied in patients suffering from Clostridioides difficile (C. difficile) infections 45. (b) the 

use of pre-, pro- and synbiotics. Prebiotics are non-digestible dietary compounds that 

enhance the growth of beneficial bacteria. Probiotics are living bacteria that can be 

supplemented to promote gut health. A combination of pro- and prebiotics is called 

synbiotics 46. (c) engineered bacteria. This describes a new approach to artificially 

design bacterial strains able to target harmful compounds and provide beneficial 

metabolites 47. (d) Bacteriophage-mediated modulation. Here, the aim is to precisely 

target and eradicate pathogenic bacteria with the aid of engineered bacteriophages 48. 
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(e) antimicrobials. This refers to the known use of antibiotics or antifungals to eradicate 

harmful bacteria and fungi 46.  

 

 
Figure 2. Visualization potential therapeutic options to target the gut microbiota. FMT: fecal microbiota 

transfer. * Created with biorender.com 

 

2.3 Omega-6 and Omega-3 fatty acids  

2.3.1 Definition  

Omega-6 (n-6) and Omega-3 (n-3) fatty acids are considered essential 

polyunsaturated fatty acids (PUFA), which means they need to be obtained from the 

diet as the human body is not able to produce them by itself. N-6 fatty acids are mainly 

represented by linoleic acid (LA) (18:2ω6), mostly present in plant oils (e.g., sunflower 

oil), and its elongated form arachidonic acid (ARA) (20:4ω6), present in eggs, dairy 

products and meat. Alpha-linolenic acid (ALA) (18:3ω3) together with 

docosahexaenoic acid (DHA) (22:6ω3) and eicosapentaenoic acid (EPA) (20:5ω3) 

represent important n-3 fatty acids, although the last two exhibit higher bioactivites in 

the human body. ALA can be found in plant oils or seeds while DHA and EPA are 

present in fatty fish or fish oils 49. Although the intake of both Omega fatty acids is 
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necessary for humans, different properties of the two fatty acids have been discussed. 

Overall, positive health properties have been attributed to n-3 fatty acids in recent years. 

For example, studies reported beneficial effects on inflammation, cardiovascular 

disease, type 2 diabetes and dementia 50-53. However, it has to be mentioned that due 

to controversial findings the exact role of n-3 fatty acids is still subject of current 

research 54. On the contrary, for n-6 fatty acids effects with negative health outcome 

have been discussed. This is mainly reasoned by proinflammatory eicosanoids 

generated in the metabolic pathway of the n-6 fatty acids ARA 49. As these eicosanoids 

induce a proinflammatory state, n-6 fatty acids have been linked to diseases such as 

cardiovascular disease or NAFLD 55,56. In this context there was a rising interest not 

only in the individual omega fatty acids intake but a healthy n-6/n-3 ratio. A healthy 

ratio enables an essential omega fatty acid intake while promoting a balanced omega 

fatty acid metabolism without excessive pro-inflammatory compounds. However, the 

estimated n-6/n-3 ratio in the early days of mankind is thought to be around 1:1, while 

the modern day Western-style diet, with excess fats and sugars, is changing this ratio 

up to 20:1 49.    

 

2.3.2 Omega-6/Omega-3 ratio and NAFLD 

Several pathways have been explored by which the n-6/n-3 fatty acid ratio may impact 

liver health. Interestingly, NAFLD patients have shown a decreased level of total n-3 

fatty acids together with an increased hepatic and adipose tissue n-6/n-3 fatty acid ratio 
57. Firstly, enhanced hepatic de-novo lipogenesis by a depletion of n-3 fatty acids may 

interfere with the sterol regulatory element-binding protein-1 (SREBP1) signaling. 

Physiologically, n-3 fatty acids suppress the expression of SREBP1, a protein that 

activates lipogenic genes. Hence decreased n-3 fatty acid levels promote fatty acid 

synthesis 58. Secondly, a depletion of n-3 fatty decreases fatty acid oxidation. 

Peroxisome proliferator-activated receptor alpha (PPARα) is a transcription factor and 

can by activated by n-3 leading to increased fatty acids oxidation. The depletion of n-

3 fatty acids will impair this pathway of lipid metabolism 58. Thirdly an elevated n-6/n-3 

ratio can increase hepatic oxidative stress. Ghazali et al. have revealed that an 

elevated n-6/n-3 ratio can  the abundance of reactive oxygen species (ROS) in human 

hepatoma cells 59. Additionally, Kaliannan et al. discovered a disrupted intestinal 

barrier function, a higher liver fat content, fibrosis of the liver and an unfavorably shift 

in the gut microbiota composition to a pro-inflammatory state and elevated 
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inflammatory parameters in association with an elevated tissue n-6/n-3 fatty acid ratio 

in a transgenic mouse model 1,60. 

 

2.3.3  Omega fatty acids and the gut microbiota  

A balanced intestinal bacterial composition is a necessary prerequisite for a healthy 

gut. Moreover, diet is a factor that significantly influences the composition of intestinal 

bacteria 61. In general, a high fat diet has shown to alter the gut microbiota composition 

by increasing Firmicutes (phyla) and decreasing Bacteroidetes (phyla) as well as the 

overall microbiota richness 62,63. A high Firmicutes/ Bacteroidetes ratio has been 

related to excess body weight 64. Studies have also analyzed the impact of n-6 and n-

3 fatty acids on the gut microbiota and have identified several associations. Ghosh et 

al. fed mice a high n-6 fatty diet over 5 weeks. He observed a n-6 induced gut 

microbiota dysbiosis, enhanced colonic inflammatory cell invasion as well as a 

disrupted barrier function with increased bacterial translocation 65. In agreement, 

another study observed that an elevated tissue n-6/n-3 ratio is linked to circulating LPS 

levels due to the increase of LPS producing bacteria. They also described a higher 

abundance of bacteria known to be proinflammatory like Enterobacteriaceae (genus) 

or Escherichia coli (genus) 66. On the other hand, n-3 fatty acid intake has shown a 

positive influence of the host’s gut microbiota and even the ability to restore n-6 fatty 

acid induced dysbiosis 65,66. Watson et al. recognized an increase of SCFA producing 

bacteria by supplementing n-3 fatty acids. In this context, SCFA can be helpful to 

control mucosal inflammation 67. Furthermore, n-3 supplementation has shown to 

decrease the abundance of Firmicutes, therefore counteracting against an obesity 

promoting gut microbiota composition 68. Nonetheless, studies in this field do present 

contradictory results with the need of additional research focusing on the relationship 

between gut microbiota and n-3 or n-6 fatty acids.  

 

2.4 Aims of the Study 

This cross-sectional study includes a NAFLD cohort with detailed clinical data. To our 

knowledge an association between the n-6/n-3 ratio in the diet of NAFLD patients and 

the disease severity as well as the gut bacterial composition has not yet been defined. 

By analyzing the diet of NAFLD patients and especially their n-6 and n-3 fatty acids 

intake, we aimed to reveal associations between the dietary n-6/n-3 ratio, the 
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histological disease severity, and the gut microbiota composition. We hypothesized 

that the gut microbiota composition and the histological disease severity can be 

affected by a high dietary n-6/n-3 ratio in NAFLD patients 1.  

 

3 Publication 

The original publication can be seen in the following pages. The original article can 
be found online in the August 6th , 2022 publication in Nutrition Research.  
 
Heinzer K, Lang S, Farowski F, Wisplinghoff H, Vehreschild MJGT, Martin A, Nowag 
A, Kretzschmar A, Scholz CJ, Roderburg C, Mohr R, Tacke F, Kasper P, Goeser T, 
Steffen HM, Demir M. Dietary omega-6/omega-3 ratio is not associated with gut 
microbiota composition and disease severity in patients with nonalcoholic fatty liver 
disease. Nutr Res 2022; 107: 12-25. 
 
And is available at the following URL:  
 
https://www.sciencedirect.com/science/article/pii/S0271531722000719?via%3Dihub 
 
In addition to the introduction and discussion, the article presents the materials and 
methods underlying the study and its results.  
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4 Discussion 

4.1 Key results 

The n-6/n-3 ratio in the diet of this cohort was 6.7 (median). Higher n-6/n-3 ratios were 

mainly achieved by consuming a higher amount of n-6 fatty acids. In the gut microbiota 

analysis, the Partial Spearman’s correlation detected certain associations between the 

n-6 or n-3 fatty acid intake and the relative abundance of specific bacteria. The analysis 

of gut microbiota profiles and mean relative abundance of gut bacterial taxa in the 

groups of NAFLD patients consuming low, moderate, or high dietary n-6/n-3 ratios 

could not detect significant distinctions between the groups. Regarding the severity 

indicating parameters, fibrosis grade and the NAFLD activity score no significant 

associations could be ascertained in relation to a higher dietary n-6/n-3 ratio. 

Therefore, in this study an high dietary n-6/n-3 ratio intake in NAFLD patients is not 

associated with the gut microbiota composition and disease severity 1.  

 

4.2 Dietary intake of Omega fatty acids  

This study investigated the dietary intake of NAFLD patients and the median dietary n-

6/n-3 fatty acid ratio was found to be 6.7 1. Several other studies have also analyzed 

the dietary PUFA intake. Linseisen et al. presented the data obtained from two German 

cohorts of the EPIC (European Prospective Investigation into Cancer and Nutrition) 

study. Here the median ratio was closely 7, although women tend to have slightly lower 

values than men 69. Therefore, the n-6/n-3 fatty acid ratio in our cohort appears 

consistent with the general German population ratio. However, a study with Canadian 

patients from Da Silva et al. observed a higher n-6/n-3 fatty acid ratio of 9.7 in NAFL 

patients and 12.6 in NASH patients 70. In comparison, the median ratio in the group 

displaying the high dietary n-6/n-3 ratio (Q3) in our study was 9.4 1. López-Bautista et 

al., evaluated the fatty acid intake in NAFLD patients group according to mild, moderate 

or severe steatosis and reported a median intake of LA in g/day of 6.5, 8.1 and 8, 

respectively 71. The median daily intake in gram of 6.8 g/day in our cohort can be found 

within the described range. However, the intake of ALA and ARA was higher in the 

described NAFLD cohort compared to our results.  EPA and DHA are important 

bioactive n-3 fatty acids. Notably the research shows that the general European dietary 

EPA and DHA intake is relatively low 72. Unfortunately, in this study no dietary EPA 
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and DHA levels were observed. In consequence we were not able to analyze any 

particular outcome based on the dietary EPA and DHA levels 1.		

The composition of bile acids, as well as other factors like dietary fiber, saturated fatty 

acids or cholesterol are also known to influence NAFLD and the gut microbiota. For 

instance, dietary fiber may have the ability to promote the abundance of intestinal 

bacteria able to produce SCFA which can then exert anti-inflammatory effects 73. On 

the contrary, Zhang et al. fed mice a high cholesterol diet for 14 months. He observed 

advanced liver fat deposit, NASH, fibrosis and an altered gut microbiota composition 
74. Eventually the high cholesterol feeding promoted the development of NAFLD-HCC. 

In addition, oxidative stress has been identified as a factor contributing to liver injury in 

NAFLD. In liver cells, a higher dietary intake of saturated fatty acids can lead to 

additional endoplasmic reticulum (ER) stress 75. Nonetheless, except the dietary 

protein intake, no significant distinctions in the group comparison (Q1-Q3) concerning 

the other dietary macro-and micronutrients could be detected 1.  

Multiple recommendations about the proper intake of n-6 and n-3 PUFA have been 

published. This study cohort displayed an intake for LA and ALA of 3.9 E% and 0.4 

E%, respectively 1. The recommendation as proposed by the German nutrition 

association (DGE) of the LA (n-6) and ALA (n-3) intake is 2.5 energy percent (E%) and 

0.5 E%, respectively 76. This would indicate an increased dietary LA intake and a 

slightly decreased dietary ALA intake in our study cohort compared to the 

recommended intake which explains a higher n-6/n-3 fatty acid ratio. The French Food 

Safety Agency adds to keep a minimum dietary intake of LA around 2 E% and to limit 

the maximum intake in order to keep an n-6/n-3 fatty acid ratio under 5 77. Furthermore, 

an appropriate LA and ALA intake of 4 E% and 0.5 E%, respectively is suggested by 

European guidelines 78. In cardiovascular disease the adequate intake of EPA plus 

DHA is set at 250 mg/day 78. Interestingly, the Food and Agriculture Organization of 

the United Nations set the span for a reasonable intake of LA between 2.5–9 E% and 

suggest an appropriate LA intake of 2-3 E% and  1,79. It seems to remain unclear how 

to define a maximum intake of n-6 fatty acids. However, guidelines seem to agree on 

an adequate intake for ALA around 0.5 E% and an appropriate intake of LA around 2 

E% 1.   
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4.3 Omega fatty acids and NAFLD  

According to our data no significant associations could be detected when comparing 

the n-6/n-3 ratio in the diet with parameters indicating disease severity like ferritin, ALT, 

CAP, transient elastography (kPa) as well as the fibrosis stage (0-4) and NAFLD 

activity score (NAS 1-8). Therefore, we did not observe an association between a 

higher dietary n-6/n-3 ratio and disease severity when comparing our groups (Q1-Q3) 

of NAFLD patients 1.  

Interestingly, several other studies could not prove an association linking the n-6/n-3 

fatty acid ratio with NAFLD disease severity. For example, Johnson et al. reviewed 

randomized controlled intervention studies including healthy adults to clarify the 

influence of dietary LA on inflammatory markers. The review could not confirm a link 

between increased dietary LA and higher levels of inflammatory markers 80. 

Furthermore, a study of Enos et al. could not prove an attenuation of NAFLD 

progression due to a reduced n-6/n-3 fatty acid ratio. This research fed mice a diet high 

in fat with different n-6/n-3 fatty acid ratios. Not only did all mice develop the same 

degree of hepatic steatosis but they were also not able to detect any changes in tight 

junction protein gene expression as a sign of a disrupted intestinal barrier 81. The 

authors discussed how eventually using ALA and not EPA and DHA to decrease the 

ratio could have influenced the study outcome. Furthermore, research shows not all n-

6 fatty acids show negative health implications. In fact, dihomo-γ-linolenic acid (n-6) 

has even shown anti-inflammatory properties 82. Considering the effects of individual 

n-6 PUFA, it becomes more difficult to assign negative health implications to the whole 

group of n-6 fatty acids.  

Another study evaluated the erythrocyte n-3 fatty acid concentration in older adults. In 

fact, they found a risk reduction of NAFLD with higher abundance of erythrocyte n-3 

fatty acids. However, this association was only significant in women and not in men 

indicating a gender-dependent effect of PUFA in this study 83. Interestingly, one study 

with patients exhibiting type 2 diabetes and high C-peptide levels even demonstrated 

that low n-6/n-3 fatty acid ratios may increase the NAFLD risk 84. In agreement, Mäkelä 

et al. reported a lower risk for the development of NAFLD with higher serum total n-6 

fatty acid and LA levels 85. Even if more studies are needed to clarify the findings, all 

this suggests a complex function of PUFA, which may be dependent on many other 

factors such as gender, age and comorbidities. In particular, the properties of the 
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individual n-3 and n-6 PUFA like EPA, DHA and ARA in contrast to the essential PUFA 

like ALA and LA need to be clarified.  
 

4.4 Omega fatty acids and gut microbiota  

The results in our research did not display any associations concerning an increased 

dietary n-6/n-3 ratio and the composition of gut microbiota 1. Selmin et al. also 

investigated if the intake of n-6 fatty acids in mice has an impact on the gut microbiota 

and observed an association with a gut microbiota dysbiosis. For example, they noticed 

a depletion in Lachnospiraceae (family) and an increased abundance of 

Deferribacteraceae (family) and Porphyromonadaceae (family) which are also found 

in patients with inflammatory bowel diseases 73. In agreement, proinflammatory and 

LPS-producing bacteria, like Proteobacteria, were increased due to an elevated n-6/n-

3 ratio in mice as part of a transgenic mouse model 60. Moreover, another study 

examined the ileum of older mice and found a correlation between increased amounts 

of dietary n-6 and bacterial overgrowth. In addition to the bacterial overgrowth, they 

observed that the group with extra n-6 fatty acids in the diet showed an increased 

Firmicutes to Bacteroidetes ratio and increased bacterial infiltration across the 

intestinal barrier 86. Nonetheless, these findings were obtained using animal models 

and the exact processes in the human body have not yet been researched in sufficient 

detail. Miao et al. investigated the relationship between the gut microbiota, the n-6 fatty 

acid level in erythrocytes and type 2 diabetes in Chinese adults. Surprisingly they 

noticed an association between lower levels of erythrocyte y-linolenic acid (n-6) and a 

higher alpha-diversity of gut microbiota  1,87. However, it needs to be acknowledged 

that due to the different metabolic and environmental factors, a comparison between 

Asian and European cohorts can be difficult.  

Current studies theorize that n-3 fatty acids can help to promote a healthy gut 

microbiota composition 88. In this context Ghosh et al. observed that a dysbiosis in 

mice caused by an increased consumption of n-6 fatty acids could indeed be restored 

by adding more n-3 fatty acid to the diet. At the same time they noticed an increased 

mortality in the situation of an acute gut infection. This was most likely caused by the 

impairment of LPS dephosphorylation by n-3 fatty acids during acute gut infection 65. 

This indicates that the definite effects of the individual fatty acids require further 

clarification and again shows that other factors in the hosts metabolism and 

environment can have an influence on these pathways.  
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The dietary n-6 or n-3 fatty acids correlated negatively and positively with the 

abundance of certain bacterial taxa in our heat map analysis. Notable significant 

correlations (**P<0.01) could especially be displayed with the intake of n-6 fatty acids 
1. For instance, positive correlations were detected between Catenibacterium (genus), 

Dialister succinatiphilus (species) and Lactobacillus ruminis (species) and dietary n-6 

fatty acids intake. Moreover, Clostridium (genus) as well as Roseburia intestinalis 

(species) displayed negative correlations with dietary n-6 fatty acids intake 1.  

The abundance of Catenibacterium (genus) has recently shown beneficial correlations 

to obesity indicating parameters as well as inflammatory markers. In fact, a positive 

correlation with high-density lipoproteins (HDL) and a negative correlation with body 

weight, low-density lipoproteins (LDL), and TNF-α has been observed 89. Thus, an 

increase in the abundance of Catenibacterium (genus) could be advantageous. In the 

comparison of healthy patients and patients with hepatitis B virus infection, Dialister 

succinatiphilus was detected in the healthy patients, indicating that they may initiate 

an appropriate immune response 1,90. However, Yan et al have reported an association 

between increased D. succinatiphilus and high levels of visceral adipose tissue 91. This 

indicates that the exact function of D. succinatiphilus in the human gut still needs to be 

investigated. Yang et al. recently reported many favorable effects of Lactobacillus 

ruminis in mice with initially induced colitis. The positive effects of L. ruminis were 

related to the secretion of proinflammatory cytokines, production of SCFA and a 

restored gut microbiota dysbiosis92. This indicates a probable positive outcome with 

increased levels of L. ruminis. The genus Catenibacterium harbors beneficial strains 

that may even have anti-inflammatory associations as well as pathogenic strains able 

to produce toxins. The function of Catenibacterium remains complex and further 

research is needed to investigate its role in gut microbiota dysbiosis 93. Another study 

examined the role of Roseburia intestinalis in mice with colitis. Roseburia intestinalis 

and its flagellin have been found to decrease inflammation via the secretion of anti-

inflammatory factors. In addition, the production of SCFA helped to maintain 

gastrointestinal health 94. Accordingly, a depletion of Roseburia intestinalis may be 

disadvantageous. Although the exact functions of the gut bacteria remain a current 

topic of research, these findings suggest a significant role of gut microbiota in 

modulating disease activity. 
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4.5 Limitations of the study 

Several limitations have to be acknowledged for this study. First, the use of food 

recording and reporting physical activity in clinical studies can be challenging. A 

selection bias to conduct patients already interested in diet and activity cannot be ruled 

out. Social desirability bias and the lack of time and motivation may influence the 

recorded dietary intake as well as activity. If patients are asked to concentrate on the 

detailed dietary intake every day, this may lead to more awareness and change in the 

patients’ dietary habits. Although patients were given detailed instructions on how to 

fill out the food and activity diary, miscalculation of portions represents a possible 

limitation. Dietary underreporting has been observed in dietary assessment. This is 

particularly noticeable with obese subjects and was also noticed in our research 1.  

The absence of heathy control patients is a major limitation in this study. Another 

limitation is the collection of data on fatty acids through dietary recording. The serum 

omega fatty acid concentration or the concentration of omega fatty acid in the cell 

membrane of red blood cells represent more accurate methods to detect the omega 

fatty acid levels in humans but were not determined in our research. Furthermore, no 

conclusions can be drawn about the effects of the individual PUFAs alone. A 

differentiation between the various the n-6 and n-3 fatty acids is not reflected in the -

6/n-3 fatty acid ratio. At last, this study design does not allow any conclusions about 

causality. We cannot determine if the gut microbiota represent the major influence on 

the omega-fatty acids or whether the fatty acids influence the gut microbiota 1.  

The advantage of this research is the cohort with a large number of NAFLD patients, 

including 63 biopsy-proven NAFLD cases. The Cohort is clinically well described with 

detailed anthropometric, demographic and clinical data 1. 
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6 Anhang 

10/2018 Annahme als Doktorandin 

Beginn der Studienplanung mit Priv.-Doz. Dr. med. Münevver 

Demir  

Einarbeitung in das Thema, Literaturrecherche 

 

 

10/2018- 04/2019 Datenerhebung und schriftliche Dokumentation Daten von 

180 NAFLD Patienten, davon 63 mit Leberbiopsie, welche sich 

im Zeitraum von 07/2015 und 12/2018 in der 

gastroenterologischen Ambulanz der Uniklinik Köln vorstellten, 

wurden retrospektiv im krankenhausinternen Informationssystem 

ORBIS erhoben. Alle Patientenakten wurden gesichtet und 

folgende Merkmale schriftlich in einer Microsoft®-Excel®-Tabelle 

dokumentiert:  

§ Alter, Geschlecht, Gewicht (kg) und Größe (cm) 

§ PNPLA-3 Genotyp 

§ Metabolische Risikofaktoren (Übergewicht, Hypertonus, 

Dyslipidämie, Metabolisches Syndrom, BMI (kg/m²), 

Taillen- und Hüftumfang (cm)) 

§ Blutdruck (mmHg), Puls (/min) 

§ Alkoholkonsum (g/Tag) 

§ Begleiterkrankungen und Medikation  

§ Labordiagnostik: 

- Elektrolyte 

- Albumin (g/l), AST (U/l), ALT (U/l), GGT (U/l), AP 

(U/l), CHE (U/l), Bilirubin gesamt/direkt/indirekt 

(mg/dl), LDH (U/l) 

- Kreatinin (mg/dl), Harnstoff (mg/dl), Harnsäure 

(mg/dl), GFR (ml/min) 

- Eisen (µmol/l), Transferrin (g/l), Ferritin (µg/l), 

Transferrinsättigung (%) 

- Amylase (U/l), Lipase (U/l) 
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- Triglyceride (mg/dl), Cholesterol, HDL (mg/dl), LDL 

(mg/dl) 

- BSG (mm/h), Serumelektrophorese 

- WBC (x109/l), Erythrozyten (x1012/l), Hämoglobin 

(g/dl), Hämatokrit (%), MCV (fl), Thrombozyten 

(x109/l) 

- Quick (%), INR, APTT (sek) 

- Insulin (mU/l), HBA1c (%) 

- TSH (mU/l), T3, T4 (ng/l) 

- AFP (kU/l), Alpha-1-Antitrypsin (g/l), Ceruloplasmin 

(g/l), Kupfer (µmol/l)  

- CRP (mg/l) 

- IgG, IgA, IgM, IgE (g/l) 

- Autoimmunmarker (ANA, ASMA, SLA, LKM LC1, 

AMA, ANCA, pANCA, Transglutaminase Ak, 

Antigliadin, Endomysium Ak)  

- Virusdiagnostik (HAV, HEV, HBsAg, HBV, HCV Ak, 

HCV RNA, HIV) 

§ Lebersonografie (NAS Score) und Fibroscan (kPa, 

fibrosis stage)  

§ Leberbiopsie  

Auswertung und schriftliche Dokumentation Ernährungs- 
und Aktivtätstagebücher Daten aus den 

Ernährungstagebüchern von 101 NAFLD Patienten wurden mit 

Hilfe von EbisPro Professional Software 2016 ausgewertet und 

schriftlich in einer Microsoft®-Excel®-Tabelle dokumentiert 
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