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Abstract 

Non-alcoholic fatty liver disease (NAFLD) is currently the most common cause of liver disease in the Western 

world, affecting up to 20-30% of the general adult population. It is a growing public health problem, because of 

the increasing prevalence of the pathologies that contribute to its development such as obesity and inflammation 

status. The diagnostic method of choice for NAFLD is liver biopsy, but since it is a long-standing disease, it is 

difficult to follow large population groups through serial biopsies. Therefore, it is necessary to identify non-

invasive liver damage tools that facilitate the diagnosis and prognosis of the disease and allow for the 

establishment of a follow-up protocol that prevents progression to severe stages of NAFLD. Moreover, the main 

therapeutic basis is the modification of lifestyle through diet and exercise In this context, this research work 

aimed: 1) to assess the possible association between a validated Dietary Inflammatory Index (DII) and specific 

dietary components with suitable non-invasive markers of liver status in overweight/obese subjects with 

cardiovascular risk; 2) to evaluate the influence of two energy-restricted diets on non-invasive markers and 

scores of liver damage in overweight/obese individuals with features of metabolic syndrome after six months of 

follow-up and to assess the role of fiber content in metabolic outcomes; 3) to assess the influence of weight loss 

on lysophospholipid metabolism and liver status in overweight/obese subjects as well as to provide new 

evidence regarding the interaction of lysophospholipids metabolism as a key factor in the onset and management 

of obesity-related diseases such as liver damage; 4) to analyze the response of FGF-21 after a weight loss 

intervention and the relationships with other putative inflammatory liver biomarkers; 5) to evaluate the fatty liver 

status by several validated approaches and to compare imaging techniques, lipidomic and routine blood markers 

with magnetic resonance imaging (MRI) in adults subjects with NAFLD. In relation with the first objective, the 

results of this chapter evidended that the consumption of an anti-inflammatory dietary pattern might contribute 

to the reduction of obesity and related comorbidities, especially NAFLD through precision nutrition guidelines. 

Concerning the second objective, we concluded that the design of dietary patterns based on the consumption of 

insoluble fiber and fiber from fruits in the context of energy restriction is a good choice the management of 

obese patients suffering from NAFLD. The third chapter suggested a generalized decrease in circulating 

lysophospholipids (LP), particularly lysophosphatidylcholine, after a weight loss intervention in a population 

with metabolic syndrome features. Changes in fatty liver index, waist circumference and BAAT score revealed 

positive association with lysophosphatidylcholine score. The involvement of particular LP in liver metabolism 

and obesity merits further attention. The fourth chapter revealed that FGF-21 changes exhibit a great association 

with non-alcoholic fatty liver inflammation, M30 fragment and PAI-I, independently of weight loss. These 

findings suggest that FGF-21 is involved in the obesity-inflammation-liver process. Finally, in relation to the 

fifth objective we concluded that ultrasonography, a metabolomic test and a panel combination including routine 

blood markers linked to insulin resistance showed the highest associations with MRI, which is considered the 

gold standard for non-invasive liver fat content assessment, suggesting these tools could contribute to the 

diagnosis and prognosis of NAFLD. 

 

 



 
 

Resumen 

La enfermedad del hígado graso no alcohólico (EHGNA) es actualmente la causa más común de enfermedad 

hepática en el mundo occidental, afectando a un 20-30% de la población adulta en general. Es un problema 

creciente debido al aumento de la prevalencia de patologías que contribuyen a su desarrollo como la obesidad y 

el estado inflamatorio. El método de diagnóstico de referencia para EHGNA es la biopsia hepática, dificultando 

el seguimiento a grandes grupos de población durante un largo periodo de tiempo. Por ello, es necesario 

identificar herramientas de daño hepático no invasivas que faciliten su diagnóstico y su pronóstico. La principal 

base terapéutica es la modificación del estilo de vida a través de la dieta y el ejercicio. Este trabajo de 

investigación tuvo como objetivos: 1) evaluar la posible asociación entre un índice inflamatorio de la dieta (DII) 

con marcadores no invasivos del estado hepático en sujetos con sobrepeso/obesidad y riesgo cardiovascular; 2) 

evaluar la influencia de dos dietas con restricción energética sobre marcadores no invasivos de daño hepático en 

individuos con sobrepeso/obesidad y con criterios de síndrome metabólico tras seis meses de seguimiento 

nutricional, así como evaluar el papel de la fibra en las variables clínicas estudiadas; 3) evaluar la influencia de 

la pérdida de peso sobre el metabolismo de los lisofosfolípidos (LP) y el estado hepático en sujetos con 

sobrepeso/obesidad, así como proporcionar evidencia sobre la interacción del metabolismo de LP como un factor 

clave en el manejo de hígado graso no alcohólico y obesidad; 4) evaluar cambios en el FGF-21 tras seguimiento 

de una intervención de pérdida de peso y su posible interacción con otros biomarcadores inflamatorios de daño 

hepático; 5) evaluar el estado hepático mediante tecnología validada y comparar los resultados obtenidos 

mediante técnicas de imagen, marcadores sanguíneos de rutina y un test lipidómico con el resultado de la 

resonancia magnética (RM) en sujetos con EHGNA. En relación con el primer objetivo, los resultados muestran 

que el consumo de un patrón dietético antiinflamatorio podría contribuir a la reducción de la obesidad y las 

comorbilidades relacionadas, especialmente al abordaje de EHGNA mediante el diseño de patrones dietéticos 

personalizados y de precisión. En cuanto al segundo objetivo, se concluye que el diseño de patrones dietéticos 

con restricción energética y basados en el consumo de fibra insoluble y fibra proveniente de las frutas son una 

buena opción para el manejo de pacientes obesos con EHGNA. El tercer estudio evidencia una reducción en los 

niveles circulantes de LP después de una intervención dietética con restricción energética, así como su relación 

con marcadores del estado hepático (FLI, BAAT score) y la circunferencia de la cintura. El cuarto artículo 

muestra una reducción en los niveles de FGF-21 después del seguimiento de una restricción energética, así como 

la interacción con biomarcadores inflamatorios hepáticos, específicamente M30 y PAI-I. Finalmente, en relación 

con el quinto objetivo, los resultados muestran que la ecografía, un test metabolómico y un panel que incluye 

marcadores sanguíneos de rutina vinculados a resistencia insulínica, mostraron elevados valores de predicción 

utilizando como referencia metodológica la resonancia magnética, sugiriendo que estas herramientas podrían 

contribuir en el diagnóstico y pronóstico de EHGNA. 
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1. Non-alcoholic fatty liver disease: definition, etiology and 

epidemiology. 

Non alcoholic fatty liver disease (NAFLD) encloses the entire spectrum of fatty liver 

disease, ranging from simple fatty liver to steatohepatitis to cirrhosis, characterized by 

an excessive accumulation of lipid droplets in > 5% of hepatocytes and without 

significant alcohol consumption (< 30 g in men and < 20 g in woman) (Chalasani et al., 

2018). In early stages, NAFLD initiates a nonalcoholic fatty liver (NAFL), 

characterized by the presence of hepatic steatosis without evidence of hepatocytes 

injury or fibrosis (Table 1); NAFL can progress to nonalcoholic steatohepatitis (NASH), 

which includes hepatic steatosis, inflammation, and ballooning hepatocellular injury 

with or without fibrosis, which could lead to cirrhosis and finally may develop into 

hepatocellular carcinoma (HCC) (Kudo et al., 2013; Bullon-Vela et al., 2018).         

Table 1. Definitions associated with non-alcoholic fatty liver disease. 

NAFLD 

Encloses the entire spectrum of fatty liver disease in individuals without 

significant alcohol consumption, ranging from simple fatty liver to 

steatohepatitis to cirrhosis. 

NAFL 

Presence of ≥5% of hepatic steatosis without evidenced of hepatocellular 

injury in the form of ballooning of the hepatocytes or evidenced fibrosis. The 

risk of progression to cirrhosis and liver failure is considered minimal. 

NASH 

Presence of ≥5% of hepatic steatosis with inflammation and hepatocyte injury, 

with or without fibrosis. This can progress to cirrhosis, liver failure, and rarely 

liver cancer. 

HCC 

Exhibition of focal structural abnormalities such as acinar or pseudoglandular 

structures, broken or irregular trabecular alignment, and/or obvious invasion of 

the stromal tissue. 

 

 

Data from (Kudo et al., 2013; Chalasani et al., 2018). Abbreviations: NAFLD, non-alcoholic fatty liver disease; 

NAFL, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis; HCC, hepatocelular carcinoma. 
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The mechanism underlying the development and progression of NAFLD (Figure 1) is 

complex and multifactorial (Than et al., 2015; Byrne et al., 2015). Different hypothesis 

has been considered, leading to the “two hits hypothesis”. In this case, hepatic steatosis 

of lipids comes secondary to an unhealthy lifestyle and, a fat dietary pattern. The first 

hit is the individual being overweight, obesity and/or insulin resistance (IR) as this, 

stimulate the liver to trigger other reactions, which act as a second hit. Thus, the second 

hit initiates inflammatory mechanisms and fibrogenesis processes (Yilmaz et al., 2012; 

Peverill et al., 2014).  This statement has been supported by mice models (Leamy et al., 

2013). Insulin resistance is one of the key factors implicated in the development and 

progression of NAFLD, in which the hepatic lipogenesis de novo is elevated, and the 

inhibition of adipose tissue lipolysis is reduced, consequently the flow of fatty acids 

(FA) increased (Tilg et al., 2017). In addition, IR promotes dysfunction in adipose 

tissue, generating a production and release of different adipokines and cytokines (Byrne 

et al., 2015; Meex et al., 2017). Furthermore, fat in the liver is in the form of 

triglycerides (TG), which generates an increase in lipotoxicity due to the high levels of 

free FA, cholesterol and other lipid metabolites, activating oxidative stress with reactive 

oxygen reactions (ROS) and endoplasmic reticulum (ER) stress (Cusi et al., 2009). 

Also, gut microbiota could have a great impact on NAFLD through different 

mechanisms related with gut flora. These include energy storage, lipid and choline 

metabolisms, immune system balance and inflammation mechanisms, which secrete 

proinflammatory cytokynes (Lau et al., 2015; Buzzetti et al., 2016; Bibbo et al., 2018). 

On the other hand, the genetic or epigenetic predisposition could influence the quantity 

of hepatic fat content and the liver inflammation mechanisms, with possible 

hepatocellular death (Yilmaz et al., 2012). Several studies have reported that genetics 

revealed strong heritability of liver fat content (Dongiovanni et al., 2013). In fact, it has 
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been reported that between 38% and 100% of hepatic fat content in NAFLD variability 

is due to genetics factors (Eslam et al., 2018). 

 

Figure 1. Etiology of NAFLD. Multisystem disease. Adapted from: Byrne and Targher et al., 2015. Abbreviations: 

LCFAs, long-chain fatty acids; DAGs, di-acylglycerol; Di-P PA, di-palmitoyl phosphatidic acid; TAGs, 

tryacilglicerols, HCC, hepatocellular carcinoma. 

 

NAFLD is the most common cause of chronic liver disease worldwide with a 

prevalence of about 30% in developed countries, and the principal cause of liver-related 

morbidity and mortality (Mohlenberg et al., 2018). Its incidence has grown due to the 

increasing rates of obesity, diabetes, and metabolic syndrome (MetS) and the high 

prevalence of cardiovascular disease (CVD). NAFLD is highly prevalent in all 

continents, but the highest rates are reported in South America (31%) and the Middle 

East (32%), followed by Asia (27%), the USA (24%) and Europe (23%), whereas 

NAFLD is less common in Africa (14%) (Younossi et al., 2018). It is estimated that 5-

10% of subjects with NAFL develop NASH in their clinical course, of which 10-20% 

suffer into higher stages of fibrosis, and < 5% develop cirrhosis (Dietrich et al., 2014) 

(Figure 2). Studies have found that 8-33% of patients with NAFLD were found to have  

type 2 diabetes mellitus (T2DM), 66-83% were identified with IR and 19-24% of 
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subjects with NAFLD suffer from dyslipidemia, consequently leading to and increase in 

mortality rates (Pappachan et al., 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

2. Diagnosis of non-alcoholic fatty liver disease 

The diagnosis of NAFLD needs to take into account the following criteria (Chalasani et 

al., 2018): 

1. There is hepatic steatosis by imaging or histology. 

2. No more than 20 g/day of alcohol intake in women and 30g/day for men. 

3. There are no competing etiologies for hepatic steatosis. 

4. There are no coexisting causes of chronic liver disease. 

 

Presently, there are invasive methods and non-invasive methods to detect NAFLD. Over 

the past decade, there has been a growing interest in alternative novel strategies for the 

non invasive evaluation of fibrosis. Concurrently with this, the routine detection of 

Figure 2. Prevalence of NAFLD. Adapted from: Dietrich et al., 2014; Mohlenberg et al., 2018. Abbrevations: 

NAFLD, non-alcoholic fatty liver disease; NAFL, non-alcoholic fatty liver; NASH, non-alcoholic 

steatohepatitis, HCC, hepatocellular carcinoma. 
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NAFLD which is based on liver biopsy, sonography and imaging may not be suitable 

with respect to health care expenditures and biopsy-related risks (Kuhn et al., 2018). 

Thus, research is being carried out to investigate validated algorithms based on 

combinations of anthropometric indexes and routine blood biomarkers in the prediction, 

diagnosis and prognosis of NAFLD (Long et al., 2016).  

 

2.1. Invasive methods 

Liver biopsy is considered the “gold standard” for diagnosis NAFLD and fibrosis. This 

procedure is invasive, potentially of risk, high cost and it has a sampling error. 

Therefore, liver biopsy cannot be used in large cohorts or for patients evaluation during 

a long time (Thoma et al., 2012). However, there is a consensous that a biopsy is 

necessary to diagnose NASH, as to differentiate from other pathologies. Liver biopsy is 

recommended for complications of metabolic syndrome and high serum ferritin in 

patients with NASH or advanced fibrosis according to American Association Study of 

Liver Disease (Chalasani et al., 2012). 

2.2. Non-invasive methods 

There has been an explosive development and use of non-invasive liver tools. In this 

study several non-invasive liver tools have been assessed: 

2.2.1. Blood biomarkers 

Transaminases: Alanine amino-transferase (ALT) and Aspartate amino-transferase 

(AST) have been associated with NAFLD. ALT is more specific of hepatic damage and 

more prominent (McPherson et al., 2013). However, the increase is not proportionate to 

the liver inflammation or fibrosis and it is well documented that patients with 

significant fibrosis may present normal ALT. Previous studies have suggested that 

elevated levels of ALT had good correlations with NAFLD and NASH, including 

https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0022940
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fibrosis. However, there are subjects with normal ALT levels with a diagnosis of 

NAFLD or severes stages of this pathology (Fracanzani et al., 2008). Therefore, there is 

no systematic association between ALT levels and the diagnosis of NAFLD/NASH. 

Therefore liver biopsy should be required to confirm the diagnosis. Consequently, 

predictive ALT levels need further investigations due to the diagnosis of NASH or 

advanced fibrosis with the cut-off of ALT being unclear (Amarapurkar et al., 2004). 

Also, the reference values of ALT can vary according to the procedures of each 

laboratory, although normal values are estimated around ALT ≤30 (IU / l) in women 

and ALT ≤45 (IU / l) for men (McPherson et al., 2013). 

Gamma Glutamyl-transferase (GGT): GGT enzyme is a hepatobiliary enzyme 

synthesized in epithelial cells of the intrahepatic duct and is closely related with hepatic 

steatosis and considered as a marker of NAFLD (Hossain et al., 2016). Previous studies 

have reported that gamma-glutamyl transferase (GGT) is an independent predictors of 

NAFLD (Hossain et al., 2016). However, the mechanisms underlying the elevation 

levels in GGT which may produce hepatic steatosis remain unclear. One probable 

theory is that high levels of fat accumulation on liver induces hepatic damage increasing 

GGT levels, but this study was carried out in children (Ortega et al., 2006). Several 

recent studies have indicated that GGT could be a simple and useful biomarker of 

visceral and hepatic fat accumulation as well as hepatic steatosis. This may induce 

insulin resistance, which in long-term lead to metabolic abnormalities (Bonnet et al., 

2017). 

Cytokeratin-18 (M30 and M65 fragments): This biomarker is compounded by two 

fragments, M30 and M65. The first one measured the cell apoptosis on the liver, and the 

second one measured the total cell death (necrosis) (Malek-Hosseini et al., 2016). 

Apoptosis is mediated by activated caspases that cleave several intracellular substrates 
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including CK-18, the major intermediate filament protein in the liver. Some studies 

concerning the biomarkers have suggested the research of M30-fragment as potential 

biomarkers of NAFLD (He et al., 2017). Thus, M30 fragment estimate hepatocyte 

apoptosis in NAFLD or NASH, which is related to inflammation mechanisms and 

fibrosis stages (Wieckowska et al., 2006; Feldstein et al, 2009). Another another study 

(Aida et al., 2014) found that CK-18 fragments may be a useful biomarker to 

discriminate between NAFLD and NASH conditions. For instance, a recent review 

highlighted CK-18 as one of the more promising biomarkers to diagnosis NAFLD 

(Sahebkar et al., 2018). However, a study with 424 patients enrolling multiethnic 

subjects evidenced high specificity for NAFLD and fibrosis but not with NASH (Cusi et 

al., 2014).  

Fibroblast growth factor 21 (FGF-21): a hormone mainly secreted by the liver, has been 

found to be positively correlated with the severity of NAFLD in cross-sectional studies 

(Wu et al., 2017). Thus, some studies concerning the biomarkers have suggested the 

research of FGF-21 as potential biomarkers of NAFLD (He et al., 2017). On the other 

hand, FGF-21 is released from liver cells, adipocytes and other tissues. A functional 

role for FGF-21 is to maintain the glucose and lipid homeostasis (Yang et al., 2015). 

Previous studies have reported that over-nutrition as well as in inflammation processes 

cause, FGF-21 levels to increase (Li et al., 2010).  

Retinol binding protein-4 (RBP-4): This protein has been identified to elevate insulin 

resistance in mice and humans with obesity and T2DM as well as being a related marker 

for metabolic status and CVD (Graham et al., 2006). It is secreted by the liver and 

adipose tissue (Yang et al., 2005). Previous research through a clinical trial, has found 

that levels of RBP-4 are reduced where subjects decrease their risk metabolic profile, 

such as weight lowering (Tabak et al., 2017). In this sense, high levels of RBP-4 cause 
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inflammation and insulin resistance in mice and also in humans (Park et al., 2014; 

Moraes-Vieira et al., 2014; Chen et al., 2017). In addition, another investigation also 

suggests that plasma RBP-4 could be a valuable tool to screen potential nutrient and 

inflammation interactions (Hermsdorff et al., 2009). Conversely, several studies have 

not revealed associations between levels of RBP-4 with insulin resistance, glucose 

metabolisms or T2DM (Kotnik et al., 2011; Meex et al., 2017). 

Plasminogen activator inhibitor-I (PAI-I): an abundant, adipose tissue-non-specific 

adipocytokine is known as acentral regulator of the fibrinolytic system that may indicate 

the risk of CVD (Matsuzawa et al., 2005). Furtheremore, PAI-I has been found to play a 

role in fibrosis, obesity, insulin resistance, chronic stress and tumor metastasis among 

others (Chang et al., 2015). In addition, levels of this adipocytokine indicate the degree 

of body and liver fat accumulation, as well as the severity or risk of the aforementioned 

diseases (Chang et al., 2015). Furtheremore, several lines of evidence have supported a 

connection between the PAI-I level and the presence of NAFLD (Verrijken et al., 2014).  

Others serum biomarkers: Several hepatokines have been related with NAFLD and 

insulin resistance such as α2-macroglobulin, ceruloplasmin, selenoprotein P, 

serotransferrin, fetuin A and α1- antitrypsin. Functional pathway analysis of these 

proteins reveal that an increase in their levels in plasma results in modifications in the 

metabolism of lipids and small molecules, as well as in pathways that regulate glucose 

homeostasis. These putative biomarkers may be clinically useful for subset stratification 

of T2DM patients as well as for the development of novel therapeutics targeting the 

specific pathology (Kaur et al., 2012; Peter et al., 2018). 
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2.2.2. Indexes and scores 

Indexes and Scores: Currently, non-invasive scores have been designed to predict the 

presence of suspected NAFLD, such as the Fatty Liver Index (FLI) (Bedogni et al., 

2006; Del Bas et al., 2016; Silaghi et al., 2016; Bonnet et al., 2017) hepatic steatosis 

index (HSI) (Lee et al., 2010), the BAAT (Body mass index, ALT, age and triglyceride 

levels) and BARD (Body mass index, AST/ALT ratio and diabetes) scores (Ratziu et 

al., 2000). Other scores have been developed to predict advanced fibrosis, such as 

AST/ALT ratio (Williams et al., 1988), the NAFLD fibrosis score (NAFLD_FS), FIB-4 

index (McPherson et al., 2010), aspartate aminotransferase (AST)-to-platelet ration 

index (APRI) (Li et al., 2017). All of them are easy to calculate, using demographic and 

laboratory data, and can be used by both general practitioners and specialists. This could 

help in an early diagnosis, which would provides further opportunity for the 

preventment and treatment of NAFLD and its associated complications (Otgonsuren et 

al., 2014). However, many of these non-invasive methods require further validation 

(Toplak et al., 2016). 

2.2.3. Imaging techniques 

Imaging techniques: Magnetic resonance imaging (MRI) is considered the gold standard 

to diagnose hepatic steatosis regarding non-invasive methods (Table 2). It has a good 

accuracy due to MRIs being able to detect < 1% of hepatic fat. However, the high cost 

of MRI limits its use in clinical practice (Sberna et al., 2018). On the other hand, 

abdominal ultrasonography is the first technique recommended in routine clinical 

practice. Its accuracy is much lower than an MRI, but the cost is also significantly 

lower. Finally, the measurement of liver stiffness using transient elastography (TE) is 

increasing for the evaluation of fibrosis. A problem with this technique is that the 

measure can be confusing, particularly for obese patients (BMI>30 kg/m2) (Castera et 

al., 2010).  
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Table 2. Main advantages and disadvantages of non-invasive imaging liver techniques. 

 Advantages Disadvantages 

Ultrasound (US) 

 

High availability. 

Non-risk to patient. 

Low duration. 

Low cost. 

Accuracy of fat content: 

low to mild 

hepatosteatosis. 

Fair reproducibility. 

Transient elastography  

(TE) 

Non-risk to patient. 

Low duration. 

High availability. 

Accuracy of fat content: 

low. 

Fair reproducibility. 

Magnetic Resonance Imaging  

(MRI) 

Accuracy of fat 

content: high 

High reproducibility. 

Non-risk to patient. 

Low availability. 

High duration. 

High cost. 

Data adapted from (Hannah et al., 2016). Abbreviations: US, ultrasonography; TE, Transient elastography; MRI, 

magnetic resonance imaging. 

 

2.2.4. Lipidomic 

Metabolomic approach: is an emerging technological “omics” discipline focused on the 

measurement of the relative concentrations of endogenous and exogenous molecules in 

biofluids, which characterizes changes in metabolism (Nicholson et al., 1999) to further 

understand the metabolic state and dynamic flows of biological systems (Kim et al., 

2010). Few investigations have found associations between blood metabolomic profiles 

and NAFLD, this is possibly due to previous studies being limited to small biopsy 

samples (Kalhan et al., 2011). Thus, a study carried out on a sample of the general 

population by Koch M, et al 2017 proved that there is an association between fasting 

serum metabolites and liver fat content, which was quantified by MRI scans (Koch et al, 

2017). However, these associations were stronger in obese individuals compared to 

individuals with an overweight or normal body mass index (BMI) and in individuals 

with higher waist circumference (WC) compared to individuals with lower WC. Finally, 

functional studies are warranted to explore the molecular mechanisms linking the 

observed metabolites to NAFLD and liver fat content (Camps et al., 2017). 
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3. Associated factors with non-alcoholic fatty liver disease 

The pathogenesis of NAFLD (Figure 3) is a multifactorial and multi-step process 

(Byrne et al., 2015; Tilg et al., 2017). Based on our current knowledge, it appears to be 

a combination of genetic, demographic, clinical and environmental factors which may 

play a role in determining the likelihood of NAFLD in a given individual (Younossi et 

al., 2018).  

Metabolic syndrome: There is strong evidence suggesting that components of MetS are 

highly prevalent in patients with NAFLD. In a recent meta-analysis, the prevalence of 

type II diabetes, hypertension, and hyperlipidemia among the NAFLD cohort was 

25.3%, 46.7%, and 77.1%, respectively. Although the evolution of NAFLD is relatively 

moderate, given the great number of individuals affected by MetS, the clinical and 

economic burden of NAFLD could be enormous (Younossi et al., 2016a). 

Figure 3. Major complications of NAFLD. Data adapted from Tilg et al., 2017. Abbrevations: CVD, cardiovascular 

disease; T2DM, type 2 diabtetes mellitus; MetS, metabolic syndrome; CKD, Chronic kidney disease. 
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Obesity: The relationship between obesity and liver complications has been reported in 

the literature throughout of the past century. In fact, NASH was introduced by Ludwig 

et al. in a study with 20 obese subjects who presented the same histological liver 

characteristics as alcoholic hepatitis, but, in the absent of alcohol consumption (Ludwig 

et al., 1980). In addition, previous analyses have revealed that obesity status has an 

important role in the metabolism because patients with obesity and NAFLD had worst 

metabolic status than those with BMI < 25 kg/m2 (Sookoian et al., 2017; Lu et al., 

2018). It is important to know that obesity is an independent risk factor for NAFLD, as 

shown by a new meta-analysis study which incorporates 21 cohort studies (Li et al., 

2016). In this meta-analysis study, data from more than 380,000 obese participants 

resulted in a 3.5 relative risk of suffering from NAFLD in comparison with lean 

subjects. Another meta-analysis study which is based on 21 studies found a higher odds 

ratios (OR) of developing NAFLD in participants with a higher BMI vs. lower a BMI 

(OR: 2.9; 95% CI: 1.6-5.1) or WC (OR: 2.3; 95% CI: 1.8-3.0), respectively (Pang et al., 

2015). From a clinical point of view, obesity increase the risk of morbidity and 

mortality when combined with NAFLD. 

Insulin resistance and type II diabetes: Insulin resistance has been characterized as a key 

role in the pathophysiological factors in NAFLD. The mechanistic basis of NAFLD and 

NASH remain understood, and insulin resistance, lipids, mitochondrial disfunction, 

microbiota, nutrition and lifestyle are important in this process (Haas et al., 2016). In 

obese patients with T2DM and NAFLD, dyslipidemia and hyperinsulinemia are more 

severe that in patients without NAFLD (Kitade et al., 2017). Furthermore, the 

prevalence of NAFLD in patients with T2DM is present in more than 70% of 

individuals (Hazlehurst et al., 2016). 



Introduction 

 

17 
 

Cardiovascular disease: The association of CVD and NAFLD is well establish by 

previous investigations (Motamed et al., 2017). Usually the established CVD risk 

factors are related to MetS components such us obesity, hypertension, dyslipidemia and 

insulin resistance (Kim et al., 2018). The National Health and Nutrition Examination 

Survey (NHANES-III), also provide evidence that an increase in the prevalence of CVD 

is seen in individuals suffering from NAFLD. In the NHANES approximately 11.500 

adults participants with NAFLD (diagnosed by ultrasonography) presented significant 

associations with the high prevalence of CVD (Lazo et al., 2011). In addition, a recent 

meta-analysis study found that NAFLD was associated with an increase in the risk of 

fatal and non-fatal cardiovascular event (Targher et al., 2016). Based on the available 

research studies, the relationship between NAFLD and CVD is evident. However, 

NAFLD is an independent CVD risk which shares many risk factors and etiological 

origins, although the relationship remains unclear (Anstee et al., 2013). 

Other factors. Several studies have demonstrated great interethnic variability (Table 3) 

in individual’s susceptibility to NAFLD (Seko et al., 2018). In general, Hispanic 

individuals have a higher risk than those of European origin. The susceptibility to 

NAFLD in subjects from South America and Asia have increased, whereas those of 

African-origin are less prone to these conditions, independently of adiposity and 

socioeconomic factors (Guerrero et al., 2009; Younossi et al., 2016). Another factor, 

associated is the gut microbiome which has been found evidenced that to plays an 

important role in health metabolism and it can contribute to the development of liver 

disease (Schnabl et al., 2014). The microbiome studies have not identified a particular 

microbiome, trillions of microbes live in the gut, and also the variation in the study 

design can generate discrepancies. Investigations understand the gut microbiome as a 

metabolic organ in the host. In other words, the relationship of the role of intestinal 

dysbiosis in the activation of the inflammatory cascade in liver diseases could have an 
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affect on the development of NAFLD (Bibbo et al., 2018). The most relevant factors are 

dietary habits, activity and socioeconomic factors. In addition, large amounts of data 

suggest that dietary composition could be a predisposition for individuals who suffer 

from NAFLD (Balmer et al., 2014; Younossi et al., 2018). 

Table 3. Genetic variants associated with progression NAFLD. 

Gene Function Phenotype 

PNPLA3 Lipids droplets remodeling ↑ NAFLD, NASH, fibrosis and HCC. 

TM6F2 VLDL secretion ↑ NAFLD, NASH and fibrosis. 

LYPLAL1 TG catabolism ↑ NAFLD 

GCKR Regulation of de novolipogenesis ↑ NAFLD, NASH and fibrosis. 

APOB VLDL secretion ↑ NAFLD, NASH, fibrosis and HCC 

MTTP VLDL secretion ↑ NAFLD 

LPIN1 Regulation of lipid metabolism ↓ NASH, fibrosis. 

SOD2 Mitochondrial antioxidant ↑ fibrosis 

UCP2 
Mitochondrial lipid metabolism 

oxidative phospholiration 
↓ NASH 

ENPP1 Insulin signaling inhibitor ↑ fibrosis 

IRS1 Insulin signaling ↑ fibrosis 

IL28B Innate immunity ↓ fibrosis 

KLF6 
Regulation of de novolipogenesis, 

fibrogenesis 
↓ fibrosis 

MERTK Hepatic stellate cells activation ↓ fibrosis 

Data adapted from: Eslam et al., 2018. Abbreviations: NAFLD, non-alcoholic fatty liver disease; NASH, non-

alcoholic steatohepatitis; HCC, hepatocelullar carcinoma. TG, Triglycerides; VLDL, very low dentisty lipoprotein; ↑, 

increased; ↓, decreased. 

 

4. Lifestyle and non-alcoholic fatty liver disease. 

Presently, the treatment for NAFLD consists of a change in diet, exercise and weight 

loss. Thus, AASLD recommends that a loss of at least 3-5% of initial body weight is 

necessary to improve steatosis and a 10% loss is suggested to improve 

necroinflammation (Chalasani et al., 2012). So far there are no pharmacological 
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treatments that have been effective in a significant way, only beneficial effects have 

been observed with pharmacological therapies that sensitize the action of insulin, 

antioxidants and anti-inflammatories (Ibrahim et al., 2013). However, the main 

therapeutic basis is the modification of lifestyle through diet and exercise (Stavropoulos 

et al., 2018). Weight loss through caloric restriction, can improve transaminase levels, 

insulin resistance and in some cases liver histology (steatosis and lobular inflammation, 

especially in patients with minimal fibrosis) (Moschen et al., 2010). There are several 

pilot studies which found that weight loss in the early stages of the disease is beneficial 

as it decrease inflammation and liver fibrosis (Romero-Gomez e tal., 2017) (Table 4). 

Presently, specific components with potential antioxidant and anti-inflammatory effects 

such as carotenoids, flavonoids, lycopene, resveratrol, ω3-fatty acids, vitamin D, among 

others are being studied in order to develop new strategies for the treatment and 

prevention of NAFLD (Ferramosca et al., 2017; de Castro et al., 2018). Although all 

these compounds are proposed as a treatment and prevention strategy of a fatty liver, 

there is still a great lack of knowledge regarding its bioavailability, dosage and possible 

adverse effects. For this reason, further studies are needed (Ferramosca et al., 2017).  

Currently, as mentioned before, there is no treatment for NAFLD, however lifestyle can 

be used to control the disease and prevent it from further development (Nseir et al., 

2014). Physical activity also has beneficial effects in NAFLD patients, independent of 

weight loss, and should be included in the treatment (Montesi et al., 2014). Physical 

activity has demonstrated to control body weight, cholesterol, triglycerides as well as 

insulin resistance, T2DM and metabolic syndrome (Pugh et al., 2014). Furthermore, 

exercise decreases the concentration of visceral fat content, increases fat oxidation, 

increases insulin sensitivity and reduces the flow of free fatty acids (Van der Windt et 

al., 2018). Aerobic exercise and anaerobic training are effecient and were found to have 

a positive effect on hepatic steatosis (by MRI), with only 8 weeks of strength training 
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(Hallsworth et al., 2011). In addition, 60 minutes of aerobic activity reveal beneficial 

effects, however longer training, up to 150 minutes per week, were optimal (Hung et al., 

2018). Given the low cost-effectiveness that physical activity can provide to the 

patients, exercise and weight loss must be the first choice in the treatment and 

management of NAFLD. 
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Table 4. Intervention studies regarding non-alcoholic fatty liver disease. 

Author, Year 
Study 

design 
Patients 

Intervention 

(duration, type) 

Measurements 

Biopsies 

Liver fat by 

imaging 

(modality) 

Liver enzymes 
Insulin 

resistance† 

(Ueno et al., 1997) CTR 
25 obese NAFLD; 15 

treated, 10 untreated 

3 months, restricted low-fat diet 

and exercise vs.no changes in 

lifestyle 

Reduced steatosis, 

no significant 

change in 

inflammation or 

fibrosis 

NE Reduced NE 

(Hickman et al., 

2004) 
SAT 

10 NAFLD (3 with 

follow-up biopsies) 

15 months (3 months intensive 

visits), diet and exercise 

intervention 

Steatosis reduced in 

the 3 repeated 

biopsies, fibrosis 

reduced in 2 

NE Reduced Reduced 

(Huang et al., 

2005) 
SAT 15 NASH 

12 months, nutritional 

counselling 

Reduced NASH 

score (not 

statistically 

significant), no 

change in steatosis 

and fibrosis 

NE 

Unchanged (reduced 

only in cases with 

improved histology) 

Reduced 

(Zelber-Sagi et al., 

2011) 
CTR 

23 NAFLD (in the diet 

only arm), 11 had a 

repeat liver biopsy 

6 months, low calorie, low fat 

(⩽30%) diet and physical 

activity 3–4 times a week 

Reduced steatosis, 

not significant for 

necro inflammatory 

grade or fibrosis 

stage 

Reduced 

 (AUS) 
Reduced Unchanged 

(Yamamoto et al., 

2007) 
CTR 

12 NASH and simple 

steatosis treated and 6 

untreated 

6 months, low calorie, low fat 

(20%) and low iron (<6 mg/day) 

diet 

NE NE 
Reduced only in the 

treated arm 
NE 

(de Luis et al., 

2008) 
SAT 

142 obese non-diabetic 

(with and without 

elevated ALT) 

3 months, hypocaloric  

low fat diet 
NE NE Reduced Reduced 

(Kantartzis et al., 

2009) 
SAT 50 NAFLD 

9 months, dietary counselling 

with up to 10 sessions with a 

dietician 

NE Reduced (MRS) Reduced Reduced 

https://www.sciencedirect.com/science/article/pii/S0168827817320524?via%3Dihub#tblfn1


Introduction 

 

22 
 

Author, Year 
Study 

design 
Patients 

Intervention 

(duration, type) 

Measurements 

Biopsies 

Liver fat by 

imaging 

(modality) 

Liver enzymes 
Insulin 

resistance† 

(Oza et al., 2009) SAT 
22 NAFLD patients 

(after attrition of 67%) 

6-month, home-based lifestyle 

modification delivered in 

collaboration with physicians, 

hygienists, dietitians, nurses 

NE Reduced (CT) Reduced Reduced 

(St George et al., 

2009) 
RCT 

143 NAFLD patients 

with elevated liver and 

metabolic risk factors 

3 months, moderate- (6 

sessions/10 weeks) vs. low-

intensity (3 sessions/4 weeks) 

lifestyle counselling vs. control 

group 

NE NE 

Reduced in both 

moderate- and low-

intensity arms 

Reduced only 

in the 

moderate-

intensity arm 

(Kirk et al., 2009) RCT 22 obese subjects 

About 11 weeks, high 

carbohydrate (>180 g/d) vs. low 

carbohydrate (<60 g/d) energy-

deficit diet 

NE 

Liver fat 

decreased to the 

same extent in 

both diets (MRS) 

No change in both 

diets 

Improved in 

both arms, to a 

greater extent 

in the low-

carbohydrate 

diet 

 

(Viljanen et al., 

2009) 

SAT 33 obese 

6 weeks, very low-calorie diet 

(all daily meals replaced by 

dietary products) 

NE Reduced (MRS) 
GGT reduced, other 

enzymes NE 
Reduced 

(Shah et al., 2009) RCT 18 obese older adults 
6-month, diet (n = 9) or diet 

+exercise (n = 9) 
NE 

Decreased to the 

same extent in 

both arms (MRS) 

Unchanged in both 

arms 

Decreased to 

the same 

extent in both 

arms 

(Elias et al., 2010) SAT 31 NAFLD 6-month, low fat hypocaloric diet NE 

Reduced (only 

among 16 

adherent patients; 

lost >5% of 

initial body 

weight) (CT) 

Reduced (only 

among 17 adherent 

patients) 

Reduced (only 

among 17 

adherent 

patients) 

(Lazo et al., 2010) RCT 
96 type-2 diabetes 

patients 

12 months, intensive lifestyle 

intervention vs. control group 

who received diabetes education 

NE Reduced (MRS) No change Not shown 

https://www.sciencedirect.com/science/article/pii/S0168827817320524?via%3Dihub#tblfn1
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Author, Year 
Study 

design 
Patients 

Intervention 

(duration, type) 

Measurements 

Biopsies 

Liver fat by 

imaging 

(modality) 

Liver enzymes 
Insulin 

resistance† 

(Promrat et al., 

2010) 
CTR 31 NASH 

48 weeks intensive lifestyle 

intervention of diet, exercise, and 

behavior modification 

vs.structured education 

Reduced NAS and 

steatosis. No 

significant reduction 

in fibrosis 

NE Reduced 
No significant 

reduction 

(Moscatiello et al., 

2011) 
CTR 

68 NAFLD patients in 

the treatment protocol, 

and 82 who refused 

were the controls 

3 months, CBT program and 2 

years follow-up. CBT program 

based on 13 group sessions vs. a 

standard dietary prescription 

NE NE Reduced Reduced 

(Haufe et al., 

2011) 
CTR 

102 overweight and 

obese 

6 months, reduced carbohydrate 

or reduced fat, energy restricted 

diet 

NE 

Reduced to a 

similar extent 

(MRS) 

Reduced to a similar 

extent 

Reduced to a 

similar extent 

(Browning et al., 

2011) 
CTR 18 NAFLD 

2 weeks, carbohydrate-restricted 

(<20 g/d) vs. calorie-restricted 

(1,200–1,500 kcal/d) diet 

NE 

Reducedin 

botharms (MRS), 

to a greater 

extent in the low 

carbohydrate diet 

Unchanged ALT, 

reduced AST in both 

arms, to a similar 

extent 

NE 

(Sun et al., 2012) CTR 

NAFLD with elevated 

liver enzymes; 674 in 

intervention group and 

332 in control 

12 months, lifestyle modification 

intervention including low fat 

diet and exercise vs. information 

on principles of healthy eating 

NE Unchanged (CT) Reduced Reduced 

(Bozzetto et al., 

2012) 
CTR 

45 Type 2 diabetes 

patients 

8-week, isocaloric high-MUFA 

diet vs. high-carbohydrate/high-

fiber/low-glycemic index diet, 

both arms with or without 

physical activity program 

NE 

Reduced more 

with the high-

MUFA diet, 

regardless of 

physical activity 

(MRS) 

Unchanged Unchanged 

(Ryan et al., 2013) CTR 
12 non-diabetic 

NAFLD 

6-week, isocaloric Mediterranean 

diet vs. Low fat-high 

carbohydrate diet, in random 

order with a 6-week wash-out 

period 

NE 

Reduced more 

with the 

Mediterranean 

diet 

Unchanged 

Reduced with 

the 

Mediterranean 

diet 

 

 

https://www.sciencedirect.com/science/article/pii/S0168827817320524?via%3Dihub#tblfn1
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Author, Year 
Study 

design 
Patients 

Intervention 

(duration, type) 

Measurements 

Biopsies 

Liver fat by 

imaging 

(modality) 

Liver enzymes 
Insulin 

resistance† 

(Erkan et al., 

2014) 
CTR 

41 NAFLD (88% with 

NASH) 

6 months, 4 lifestyle 

modification subgroups: standard 

care, low fat diet and moderate 

exercise, moderate-fat/low-

processed-carbohydrate diet and 

moderate exercise, or moderate 

exercise only 

Reduced NAS in 

pre- to post- 

comparison in the 

joint arms, with no 

significant 

difference between 

arms.No change in 

fibrosis 

NE 

Reducedin pre- to 

post- comparison in 

the joint arms, with 

no significant 

difference between 

arms 

Unchanged 

(Scaglioni et al., 

2013) 
SAT 12 NAFLD 

3 months, diet, physical exercise 

and behavior therapy 
NE Reduced (AUS) Reduced Unchanged 

(Wong et al., 

2013) 
CTR 154 NAFLD 

12 months, community-based 

dietitian-led lifestyle 

modification program at 2 

community centers vs. usual care 

NE Reduced (MRS) Reduced NE 

(Yoshimura et al., 

2014) 
CTR 

33 adults with visceral 

adiposity 

12 weeks, calorie restriction 

alone vs. calorie restriction plus 

aerobic exercise 

NE 

Reduced in both 

arms with no 

difference 

between arms 

(CT) 

Unchanged 

Reduced in 

both arms with 

no difference 

between arms 

(Trovato et al., 

2015) 
SAT 

90 non-diabetic, obese 

NAFLD 

6 months, Mediterranean Diet 

and physical exercise 
NE Reduced (AUS) Unchanged Reduced 

(Vilar-Gomez et 

al., 2015) 
SAT 

293 NASH (261 with 

repeated biopsies) 

52 weeks, low fat hypocaloric 

diet combined with exercise 

Reduced steatosis, 

NASH and fibrosis 
NE Reduced Reduced 

(Razavi Zade et 

al., 2016) 
CTR 60 adults with NAFLD 

8 weeks, DASH diet and control 

diet 
NE Reduced (AUS) Reduced Reduced 

(Papamiltiadous et 

al., 2016) 
CTR 

94 adults with NAFLD 

and insulin resistance 

3 months, Mediterranean diet 

and low-fat groups 
NE Reduced (MRS) Reduced Reduced 

(Gelli et al., 2017) CTR 50 adults with NAFLD 

1-year, Mediterranean diet alone 

or/and with antioxidant complex 

supplement 

NE 

Reduced (AUS) 

and Liver 

stiffness 

Reduced Reduced 

https://www.sciencedirect.com/science/article/pii/S0168827817320524?via%3Dihub#tblfn1
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Author, Year 
Study 

design 
Patients 

Intervention 

(duration, type) 

Measurements 

Biopsies 

Liver fat by 

imaging 

(modality) 

Liver enzymes 
Insulin 

resistance† 

 SAT 46 adults with NAFLD 
6-months, dietary and physical 

activity counseling 
NE Reduced (AUS) Reduced Reduced 

(Winn et al., 2018) CTR 18 obese adults 
4 weeks of interval exercise or 

continues exercise 
NE Reduced (MRS) Reduced Reduced 

Data adapted from: Romero-Gomez et al., 2017. NAFLD: non-alcoholic fatty liver disease; CTR, control trial. NE, not evaluated; MRS, magnetic resonance spectroscopy; CT, 

computed tomography; AUS, abdominal ultrasound. †Defined by improvement in serum insulin or Homeostasis Model Assessment for Insulin Resistance (HOMA-IR), or 

euglycemic-hyperinsulinenmic clamp. 

https://www.sciencedirect.com/science/article/pii/S0168827817320524?via%3Dihub#tblfn1
https://www.sciencedirect.com/topics/medicine-and-dentistry/in-vivo-magnetic-resonance-spectroscopy
https://www.sciencedirect.com/topics/medicine-and-dentistry/x-ray-computed-tomography
https://www.sciencedirect.com/topics/medicine-and-dentistry/abdominal-ultrasonography
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1. Hypothesis 

NAFLD is a disease linked to obesity, insulin resistance and cardiovascular risk, in 

which inflammation is usually involved. The gold standard to diagnose NAFLD is a 

liver biopsy. In this sense, we hypothesize that well designed dietary patterns with an 

emphasis on weight loss and improvements on inflammatory state will have beneficial 

effects in individuals suffering from NAFLD. At the same time, different non-invasive 

tools could be useful in clinical practice for early detection of NAFLD. 

2. Main Objective 

The main purpose of this research was to investigate about the influence of specific 

dietary components or patterns for the management of a fatty liver accompanying MetS 

features and to evaluate different validated markers and approaches to contribute to the 

early diagnosis and prognosis of NAFLD. 

3. Specific Objectives 

 To assess the possible association between a validated Dietary Inflammatory Index 

(DII) and specific dietary components with suitable non-invasive markers of liver 

status in overweight and obese subjects (Chapter 1) with high cardiovascular risk. 

 To evaluate the influence of two energy-restricted diets on non-invasive markers 

and scores of liver damage in obese individuals with features of MetS after six 

months of follow-up and to assess the role of fiber content in metabolic outcomes 

(Chapter 2). 

 To assess the influence of weight loss on lysophospholipid metabolism and liver 

status in obese subjects as well as to provide new evidence regarding the interaction 

of lysophospholipids metabolism as a key factor in the onset and management of 

obesity-related diseases such as liver damage (Chapter 3). 
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 To analyze the response of FGF-21 after a weight loss intervention and the 

relationships with other putative inflammatory liver biomarkers (Chapter 4). 

 To evaluate the fatty liver status by several validated approaches and to compare 

imaging techniques, lipidomic and routine blood markers with the magnetic 

resonance imaging scans in adult subjects with non-alcoholic fatty liver disease 

(Chapter 5).  
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In order to reach the objectives of this investigation, three different populations were 

considered (Figure 4): PREDIMED (Prevention with Mediterranean Diet), RESMENA 

(Reduction of Metabolic Syndrome in Navarra) and FLiO (Fatty Liver in Obesity). 

 

Figure 4. Study population. PREDIMED, Prevention with Mediterranean Diet; RESMENA, Reduction of 

metabolic syndrome in Navarra; FLiO, Fatty liver in obesity. DII, Dietary inflammatory index; AHA, 

American Heart Associations. LP, Lysophospholipids. 
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1. Prevention with Mediterranean Diet (PREDIMED) 

1.1. Study design 

The PREDIMED study is a long-term nutritional intervention study which evaluates the 

efficacy of the MeDiet in the primary prevention of CVDs. This study is a randomized 

clinical trial which include participants which are at a high risk of CVDs who were 

allocated in three different dietary groups. Therefore, the principal hypothesis was that 

two diets, both high in unsaturated fat, one diet enriched with extra virgin olive oil 

(EVOO) and other enriched with nuts, would be better than the usual recommendations 

in low-fat diets for CVDs outcomes. Additional information of the design and methods 

of the study has been published elsewhere (Martinez-Gonzalez et al., 2012). The study 

protocol was approved by the institutional review board of the Hospital Clinic 

(Catalonia). In addition, the protocol was created in accordance to the Declaration of 

Helsinki and registered at www.controlled-trials.com web page with reference CN: 

ISRCTN35739639. The recruitment of participants was carried out between October 

2003 and November 2008 in different Spanish primary care centres. This multicentre 

clinical trial involved 19 research centres located in Navarra, Valencia, Reus, Mallorca, 

Sevilla, Málaga, Vitoria, Las Palmas and Barcelona. The inclusion criteria required the 

participant to have were to have T2DM or ≥ 3 CV risk factors. The inclusion and 

exclusion criteria are in detail in table 5. 
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Table 5. Inclusion and exclusion criteria of PREDIMED study. 

Inclusion criteria: 

 T2DM 

 ≥3 CV risk factors:  

 BMI ≥25 kg/m2  

 Current smoking (>1 cigarette/day during the last month)  

 Hypertension (systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg or 

antihypertensive medication)  

 LDL cholesterol ≥160 mg/dl or lipid-lowering medication 

 HDL cholesterol ≤50 mg/dl in women or ≤40 mg/dl in men  

 Family history of premature coronary heart disease 

Exclusion criteria 

 BMI >40 kg/m2  

 Previous history of CVD  

 Severe chronic illness, immunodeficiency or human immunodeficiency virus positive status 

 Illegal drug or alcohol consumption. 

 History of allergy to olive oil or nuts or impossibility to follow a MeDiet for any reasons.  

 Low predicted likelihood of changing dietary habits according to the Prochaska and 

DiClemente stages of change model  (Nigg et al., 1999) 

 Participation in any drug trial or use of any investigational drug within the last year 

 Institutionalized patients for chronic care, those who lack autonomy, are unable to walk, lack 

a stable address, or are unable to attend visits in the primary health care centre every 3 

months 

 Illiteracy.  

 Patients with an acute infection or inflammation (e.g., pneumonia) are allowed to participate 

in the study 3 months after the resolution of their condition 
Abbreviation: T2DM, type 2 diabetes mellitus; CV, cardiovascular;BMI, body mass index; LDL-cholesterol, low 

density lipoprotein-cholesterol; HDL-cholesterol, high density lipoprotein-cholesterol; CVD, cardiovascular disease; 

MeDiet, Mediterranean diet. 

 

1.2. Study population 

A subsample of PREDIMED study (n= 794) was analyzed in this thesis, 55% of 

particiants being females with the median age being 67.0 ± 5.0 years old. Participants 

were randomly allocated to one of the three groups of intervention. MeDiet 

supplemented with EVOO, MeDiet supplemented with mixed nuts or a control group 

who were advised to follow a low-fat diet based on the American Heart Association 

guidelines (Loomba et al., 2012). The two groups allocated MeDiets received intensive 

education to follow the MeDiet and supplemental foods at no cost. EVOO (1 L/week) 

was provided to the first group and 30 g/day of mixed nuts (15 g walnuts, 7.5 g 

hazelnuts and 7.5 g almonds) to the second group. The intervention consisted of 

quarterly, individual interviews with the dietician and group visits that being every 3 
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months (separated sessions are organized for each intervention group). Each visit 

included three steps: assessment, intervention, and future directions. Written material, 

cooking recipes, description of seasonal foods, shopping lists and weekly meal plans 

were provided to the participants to ensure a better compliance to the dietary pattern. 

Participants attended different data collection appointments: pre-screening evaluation, a 

screening visit, the randomization, a basal visit and finally the follow-up visits. This 

study focuses on baseline data collection. The participants were required to fill out a 

general socio-demographic questionnaire to provide information such as age, gender, 

marital status, employment, etc. Data about medical history was also collected, as well 

as lifestyle habits and conditions such as smoking habit.  

1.3 Anthropometric measurements 

A trained nurse took the following measurements; body weight, height, waist 

circumference (WC) and blood pressure, following standardized protocols. Weight was 

measured using a calibrated balance beam scale with the subject barefoot and wearing 

light clothes. Height was obtained with a wall-mounted calibrated stadiometer. WC was 

determined using an anthropometric measuring tape, at a horizontal plane. For blood 

pressure parameters, a validated semi-automatic sphygmomanometer (Omron HEM-

705CP) was used. 

1.4  Biochemical assessment 

Experienced nurses were directly responsible for collection, processing and storage of 

biological specimens. Overnight fasting venous blood samples were collected in EDTA 

added tubes at baseline. After centrifugation of blood samples at 3,500 rpm for 15 

minutes, the buffy coat and plasma samples were extracted and frozen at -80°C for 

future blood analysis. 
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1.5 Fatty Liver Index: a non-invasive liver marker 

The FLI score was designed after a bootstrapped stepwise logistic regression analysis. 

Out of thirteen variables (including gender, age, ethanol intake, ALT, AST, GGT, BMI, 

WC, sum of four skinfolds, glucose, insulin, TG and cholesterol four predictors 

remained within the equation (Bedogni et al., 2006): 

FLI = [e 0.953*log[e] [TG] + 0.139*BMI + 0.718*log[e] (GGT) + 0.053*WC - 15.745] 

/ [1 + e 0.953*log[e] [TG] + 0.139*BMI + 0.718*log[e]  [GGT] + 0.053*WC - 15.745] 

* 100 

The FLI ranges from 0 to 100. A FLI <30 ruled out and FLI ≥ 60 ruled in fatty liver 

with a good diagnostic accuracy (Bedogni et al., 2006). 

1.6 Dietary assessment 

A semi-quantitative food frequency questionnaire (FFQ) with 137-items plus vitamin 

and minerals supplements was answered yearly. This questionnaire was adapted from 

the Willet questionnaire and validated in Spain. In addition, its reproducibility has been 

re-evaluated in the Spanish population and extensively used in studies of nutritional 

epidemiology. (Martin-Moreno et al., 1993; de la Fuente-Arrillaga et al., 2010). The 

adherence to the MeDiet dietary pattern was assessed with the 14-item MeDiet 

assessment. This questionnaire is shorter, cheaper and requires less collaboration from 

participants than the usual full-length FFQ. This 14-item tool was validated (Schroder et 

al., 2011) and was a key element to follow-up participants in the intervention conducted 

in the PREDIMED. 

DII was calculated at baseline considering the usual intake of participants. DII is a 

scoring algorithm based on a 1943 literature review published from 1950 to 2010 

evaluating the effect of diet on six inflammatory biomarkers. The design and 

development of the DII has been described previously (Ruiz-Canela et al., 2015; 
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Tabung et al., 2016). In this study, DII was calculated with derived data from the 137-

item FFQ. These dietary parameters were scored according to whether they increased 

(+1), decreased (-1) or had no effect (0) on the six inflammatory biomarkers (IL-1b, IL-

4, IL-6, IL-10, TNF-α and CRP). An overall food parameter-specific inflammatory 

effect score was calculated and multiplied by a centred percentile value for each food. 

This percentile was calculated by first linking the dietary data from a study to the 

regionally representative world database intake. This world database intake was based 

on actual human consumption patterns in eleven populations from different parts of the 

world that provided a robust estimation of a mean and standard deviation for each 

parameter. These values then became the multipliers to express an individual’s 

exposure, relative to the standard global mean as a z-score. This estimation was 

achieved by subtracting the standard global mean from the amount reported and 

dividing this value by the standard deviation. To minimize the effect of ‘right skewing’, 

this value was then converted to a centred percentile score. The centred percentile score 

for each food parameter for each individual was multiplied by the respective food 

parameter effect score that was derived from the literature review in order to obtain a 

food parameter-specific DII score for an individual. All food parameter-specific DII 

scores were then summed to create the overall DII score for every participant in the 

study. The greater DII score, the more pro-inflammatory diet and more negative values 

represent more anti-inflammatory diets. Thus, DII score could take on values ranging 

from -8.87 (maximally pro-inflammatory) to 7.98 (maximally anti-inflammatory) as 

reported elsewhere (Shivappa et al., 2015). 
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2 Reduction of Metabolic Syndrome in Navarra 

(RESMENA)  

 

2.1 Study design 

 The RESMENA study was designed as a randomized, longitudinal and controlled 

intervention trial to compare the effects of two hypocaloric dietary strategies on MetS 

comorbidities over a six-month period. The study was designed in two periods: one 

intervention period of 2-months where subjects received nutritional assessment every 15 

days, and the second period consisted of 4-months of self-control where participants 

followed the learned-habits at the first period. 

Individuals were randomized, using the “random between 1 and 2” function in the 

Microsoft Office Excel 2003 software (Microsoft Iberica, Spain) to follow one of the 

two energy-restricted diets: the Reference diet according to AHA guidelines (Fleisher et 

al., 2014) or the RESMENA diet (Figure 5). The RESMENA study followed the 

CONSORT 2010 guidelines, except for blinding. The trial was performed according to 

the ethical guidelines of the Declaration of Helsinki, and it was registered in 

www.clinicaltrials.gov; NCT01087086. The study was also approved by the Research 

Ethics Committee of the University of Navarra (065/2009). More details of the design 

and methods of the study has been published elsewhere (Zulet et al., 2011). Both groups 

were equally effective; therefore, the data analyzed in the chapters referring to this 

population were merged and analyzed as a unique group. 

 

 

http://www.clinicaltrials.gov/
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2.2 Study population 

Participants were recruited in Navarra by advertisements and the department database. 

This research was carried out in the Metabolic Unit of the University of Navarra, in 

Pamplona, Spain. The inclusion and exclusion criteria are described further in Table 6. 

The study details were explained to the volunteers by the dietitians and written informed 

consent was obtained from all participants before the trial was started. Figure 6 shows 

the flowchart of all the participants of RESMENA. 

Table 6. Inclusion and exclusion criteria of participants in RESMENA study. 

Inclusion criteria Exclusion criteria 

 Middle aged- adults (35-65) 

 MetS according to IDF criteria 

 Stable weight (± 3kg) for the 

previous 3 months. 

 Psychiatric or psychological disorders 

 Difficulty for changing dietary habits 

 Eating disorders 

 Specific pharmacological treatments 

 Chronic diseases related to the metabolism of 

energy and nutrients 

 Subjects with special diets 

 Food allergies or intolerances 

 Daily smokers 

 Having a serious disease 

 Consumption of vitamin or nutritional 

supplements. 
Abbreviations: MetS, metabolic syndrome; IDF, International Diabetes Federation. 

 

Figure 5: Time-line of RESMENA project 
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Figure 6. Flowchart of the participants of RESMENA study 

 

2.3 Prescribed diets 

The reference diet was based on AHA diet: 3-5 meals frequency/day, a macronutrient 

distribution of the Total Caloric Value (TCV) was used consistint of 55% from 

carbohydrates, 15% from proteins and 30% from lipids, a healthy profile of fatty acids 

(FA), < 300 mg/day of cholesterol and a fibre intake of 20-25g/day. 

 In contrast, the RESMENA diet was designed with a higher meal frequency, consisting 

of 7 meals/day. The macronutrient distribution was also different, 40% of the TCV was 

received from carbohydrates, 30% from proteins and 30% from lipids. The RESMENA 

diet also maintained a healthy FA profile of less than 300 mg/day of cholesterol and a 

fibre intake of at least 20-25 g/day (Zulet et al., 2011). Both dietary groups with the 

same energy restriction (-30% of the individual requirement), were prescribed and 

compared. 

2.4 Anthropometric and body composition 

Anthropometric measurements were assessed in fasting conditions following 

standardized procedures, as previously reported (Perez-Cornago et al., 2014). Body 
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weight, WC, and body composition were assessed by dual-energy X-ray absorptiometry 

(Lunar Prodigy, software version 6.0,Madison, WI, USA) at the baseline and at the end 

of the intervention using validate protocols (Zulet et al., 2011). BMI was calculated as 

body weight divided by squared height (kg/m2). The conicity index (CI) was calculated 

using the (WC/ (0.109 × square root of weight/height) equation, as published (Kissebah 

et al., 1994), where WC and height were measured in meters and weight was measured 

in kg.  

2.5 Biochemical assessment 

Blood glucose and lipid profile, ALT, AST, GGT were measured on an autoanalyzer 

(Pentra C-200; HORIBA ABX, Madrid, Spain). Insulin concentrations were determined 

using an ELISA kit (Mercodia) in a Triturus autoanalyser (Grifols SA). Insulin 

resistance was estimated using the homeostasis model assessment index (HOMA-IR), 

which was calculated using the following formula (Aller et al., 2011): HOMA-IR = 

glucose (mmol/l) x insulin (µU/ml)/22.5. Plasma concentrations of high-sensitivity CRP 

(hsCRP) (Demeditec) were measured as well as IL-6 (R&D Systems), TNF-α (R&D 

Systems), and PAI-I (BioVendor) being measured with specific enzyme-linked 

immunosorbent assay kits from the specified suppliers with the use of an autoanalyzer 

system (Triturus, Grifols SA, Barcelona, Spain) in accordance with the manufacturer’s 

instructions. Plasma concentrations of FGF-21 were analyzed using a commercial 

enzyme-linked immunosorbent assay (ELISA) kit (Biovendor, Brno, Czech Republic). 

Fasting plasma levels adiponectin and leptin were measured by the ELISA assay using a 

commercially available kit (Millipore, MA, USA), cytokeratin-18 (CK18)-fragments 

(M30 and M65) levels were also assessed using the ELISA assay (VLVBio PEVIVA) 

with an autoanalyzer system (Triturus, Grifols SA, Barcelona, Spain) following the 

manufacturer’s instructions.  
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  2.5.1 Liver scores and indexes 

The FLI is an algorithm derived from serum TG, BMI, WC, and GGT levels (Bedogni 

et al., 2006; Yang et al., 2016; Silaghi et al., 2016; Bonnet et al., 2017), and was 

validated in a large group of subjects with or without suspected liver disease which is 

described elsewhere (Zulet et al., 2011). The NAFLD liver fat score (Kotronen et al., 

2009) was calculated by a complex equation, combining the following parameters: the 

presence of MetS (according to IDF criteria), the presence of T2DM, fasting serum 

insulin, AST, and the AST/ALT ratio. This score (NAFLD_LFS) allows the prediction 

of steatosis, defined as a liver fat content ≥ 5.56% as assessed by 1H-magnetic 

resonance spectroscopy (1H-MRS). The hepatic steatosis index (HSI) was also 

calculated for the assessment of liver steatosis. The formula includes ALT/AST ratio, 

diabetes, and gender (Lee et al., 2010) and values > 36 indicates of liver steatosis. 

Additional hepatic steatosis predictors were calculated based on the available data such 

us the BAAT (BMI, age, ALT, triglycerides) and BARD (body mass index, aspartate 

aminotransferase: alanine aminotransferase, diabetes) scores which include the BMI, 

age, ALT, and TG; and BMI, AST/ALT ratio and presence of diabetes, respectively 

(Ratziu et al., 2000). Finally, the visceral adiposity index (VAI) was calculated (Dai et 

al., 2016), which is a simple indice of visceral fat function that predicts cardiometabolic 

risk in the general population. Lastly, the TyG-index (fasting TG* x fasting glucose /2) 

(Simental-Mendia et al., 2016) has been described and validated as a predictor of 

hepatic steatosis. 

  2.5.2 Analysis of plasma phospholipids by LC-MS 

Fasting plasma LP were analyzed as previously detailed (Del Bas et al., 2016). Briefly, 

samples were extracted with methanol: water using LPC13:0 as an internal standard. LP 

were separated by reverse phase liquid chromatography using an Agilent 1290 Infinity 

HPLC system equipped with a ZORBAX C18 SB-Aq 2.1-mm 3 50-mm, 1.8-mm 
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particle analytic column (Agilent Technologies). An Agilent ZORBAX C-8 2.1-mm 3 

30- mm, 3.5-mm particle guard column was placed in series in front of the analytic 

column. An Agilent 1290 Infinity HPLC system with a binary pump and degasser, 

thermostated well plate autosampler, and column compartment were used. The 

autosampler temperature was 4ºC, the injection volume was 2 mL, the column 

temperature was 60 ºC, and the flow rate was 0.6 mL/m. The repeatability or coefficient 

of variation were as follows: LPC14:0 (5.8%); LPC15:0 (6.2%); LPC16:0 (4.7%); 

LPC16:1 (4.6%); LPC17:0 (4.2%); LPC17:1 (5.1%); LPC18:0 (3.4%); LPC18:1 

(4.5%); LPC18:2 (4.6); LPC18:3 (8.3%); LPC18:4 (3.7%); LPC20:0 (3.4%); LPC20:1 

(3.6%); LPC20:2 (5.5%); LPC20:3 (6.7%); LPC20:4 (8.1%); LPC22:4 (3.0%); 

LPC22:5 (5.6%); LPC22:6 (7.9%). LP species were identified by mass spectrometry. 

An Agilent 6550 Accurate-Mass Quadrupole-Time of Flight (Q-TOF) mass 

spectrometer (MS) (Agilent Technologies, Santa Clara, CA, USA) was operated in 

ESI+ and ESI- modes. Calibration curves were constructed using 1 to 1500 μg/L 

LPC16:0, LPC18:0, LPC20:0, LPE18:1, and LPI18:1 as standards. LPC16:0 calibration 

curve was used to quantify LPC14:0, LPC16:0 and LPC16:1; LPC18:0 calibration curve 

was used to quantify LPC18:0, LPC18:1, LPC18:2, LPC18:3 and LPC18:4; and 

LPC20:0 was used to quantify LPC20:0, LPC20:1, LPC20:2, LPC20:3, LPC20:4, and 

LPC22:5. All LPE and LPI species were quantified using the calibration curves of 

LPE18:1 and LPI18:1, respectively. The limit of detection was 0.04 μM. 

 

2.6 Dietary assessment 

Compliance to the diet composition of the participants was conducted taking into 

account 48-h weighed food records at the beginning and at the end of the study. The 

energy, nutrient content and variety of the diet were determined using the DIAL (Alce 

Ingenieria, Madrid, Spain) software. This is a validated program in Spain, designed with 
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Spanish foods, and provides information regarding grams of macronutrients and 

micronutrients. 

3 Fatty Liver in Obesity study (FLiO) 

3.1 Study design 

The FLiO was conducted within the FLiO project, a randomized controlled trial 

(www.clinicaltrials.gov; NCT03183193), which was conducted following the Consort 

2010 guidelines. The study was approved by the Ethics Committee of the University of 

Navarra (54/2015). All participants gave written informed consent for the participation 

according with the Declaration of Helsinki.  

3.2 Study population 

Participants were recruited in Navarra through in the Centre for Nutrition and Research. 

The study included 127 men and women, between 40-80 years, who were overweight or 

obese (calculation of BMI ≥27.5 and <40 kg/m2) (Salas-Salvado et al., 2007), and with 

NAFLD (diagnosis made by hepatology professionals using echography technique). 

The exclusion criteria were: endocrine disorders hyperthyroidism or  uncontrolled 

hypothyroidism; known liver disease (other than NAFLD); alcohol abuse (> 21 and> 14 

units of alcohol per week in men and women respectively (ex 1 unit = 125 mL of wine); 

pharmacological treatments: immunosuppressants, cytotoxic agents, systemic 

corticosteroids or other drugs potentially causing s hepatic steatosi or alteration of liver 

tests; presence of active autoimmune diseases or requiring pharmacological treatment, 

acute infections; weight loss ≥3 kg in the last 3 months; serious psychiatric disorders; no 

autonomy and inability to follow the diet. The participants received a screening visit to 

verify that they met the requirements of the study. Likewise, data of lifestyle, medical 

history, and sociodemographic data were collected. All participants signed informed 

consent and they were allocated in two different dietary groups: the control diet based 

http://www.clinicaltrials.gov/
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on AHA guidelines (Fleisher et al., 2014) and FLiO diet, an experimental diet created in 

the University of Navarra based on previous studies (de la Iglesia et al., 2014 ; Perez-

Cornago et al., 2015; Navas-Carretero et al., 2016). The control diet was a conventional 

and balanced diet based on AHA guidelines and lifestyle advice to achieve the objective 

of AASLD loss of at least 3-5% of the initial body weight and up to 10% needed to 

improve necroinflammation. FLiO diet, a MeDiet strategy based on macronutrient 

distribution (quantity and quality), antioxidant capacity, meal frequency, dietary 

behaviour and lifestyle advice to achieve the objective of AASLD. 

3.3 Anthropometric and body composition 

Anthropometric measurements such as body weight and WC (WC), were determined in 

fasting conditions following previously described standardized procedures (de la Iglesia 

et al, 2014). Body composition was assessed by dual-energy x-ray absorptiometry 

(Lunar Prodigy, software version 6.0, Madison, WI) at baseline in accordance with 

validated protocols (Zulet et al., 2011). The BMI was calculated as body weight divided 

by height squared (kg/m2) following accepted cut-off criteria (Salas-Salvado et al., 

2007).  

3.4 Biochemical measurements 

Glucose, total cholesterol (TC), TG, ALT, AST, C-reactive protein (CRP), insulin and 

GGT were measured with routine validated procedures in the laboratory of biochemistry 

in the Clinic Universidad de Navarra. HOMA-IR was calculated using the following 

formula (Aller et al., 2011): HOMA-IR = (glucose (mmol/l) x insulin (µU/ml)/22.5. 

HOMA-β was estimated using a validated equation (Matthews et al., 1985).  

3.5 Liver markers 

Plasma concentrations of FGF-21 and RBP-4 were assessed by (Quantikine ELISA 

HUMA FGF-21 inmunoassay) (Retinol binding protein ELISA Kit Inmunodiagnostik) 
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an ELISA assay with the same autoanalyzer system (Triturus, Grifols SA, Barcelona, 

Spain) in accordance with the manufacturer’s instructions. The FLI is an algorithm 

derived from serum TG, BMI, WC and GGT levels (Yang et al., 2015; Bedogni et al., 

2006); which has been validated in a large group of subjects with or without liver 

disease and has an accuracy of 0.84 (95% CI) in detecting fatty liver. An index of <30 

points indicates the absence of fatty liver and an index ≥60 rules is a marker of a fatty 

liver. Finally, TG/glucose index (TyG) was computed for each participant as the natural 

logarithm (Ln) of [fasting TG (mg/dl) * Fasting plasma glucose (mg/dl)/2] (Janghorbani 

et al., 2015). 

3.6 Metabolomic test 

OWLiver® Care test (One Way Liver, S.L. Bilbao) is a fasting blood test that measures 

a panel of biomarkers that belong to the family of triacylglycerols (TAGs) and which 

are a reflection of the amount of fat and inflammation in the liver. Therefore, allow the 

establishment of the degree of development of the NAFLD (Alonso et al., 2017). All 

TGAs are measured by high performance liquid chromatography and mass spectrometry 

(UHPLC-MS). The relative concentrations of the biomarkers are analyzed together in an 

algorithm that generates the final OWLiver score, this being the probability of 

approximation of the state of the patient's liver to a normal liver, steatotic or with 

NASH. The test is based on the results obtained from two tests, both expressed on a 

scale of values / probabilities from 0 to 1. The test (OWLiver Care) discriminates 

between non-fatty and fatty liver (0 to 1) and the second test (OWLiver) allows to 

differentiate between steatosis and NASH (0 to 1). Both tests have a value of 0.5 as the 

cut-off point or separation to discriminate between their respective two stages. The test 

score was developed to estimate the NAFLD stage and is based on a prospective study 

in which the patients had previously been diagnosed by the reference test for this 

disease, the liver biopsy.  
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3.7 Liver Imaging techniques 

Ultrasound (Siemens ACUSON S2000 y S3000) consisted in the evaluation of the 

visual quality of the liver echogenicity, measurements of the difference between the 

kidneys and the liver in the amplitude of the echo, determination of the clarity of the 

structures of the blood vessels in the liver. The clinical classification was done using a 

4-point scale: normal (grade 0), mild (grade 1), moderate (grade 2), and severe (grade 3) 

as described elsewhere (Lee et al., 2014). 

Transient elastography (FibroScan®, Echosens, Paris, France), with the patient in the 

supine position and the right arm in maximum abduction was also assessed (Tabak et 

al., 2017). At this point, depending on the obesity status, M, L and XL probes were 

selected under the professional criteria. The distance between the skin and the hepatic 

capsule (skin-capsule) was measured until obtaining 10 valid measurements or up to a 

maximum of 20 shots (Herrero et al., 2014). The study was considered unsuccessful if 

no valid measurement was obtained in any of the 20 shots, while it was considered 

reliable if: a) 10 valid measurements were obtained; b) the proportion of valid 

measurements was ≥ 60%, and c) the interquartile range (IQR), (which reflects the 

variability of the measurements) was < 30% of the median value of liver stiffness 

obtained (LSM) [liver stiffness measurement]) (IQR / LSM <0.3) (Castera et al., 2010). 

MRI scans (Siemens Aera 1,5 T ) were used to detect and quantify lipids following the 

accepted criteria (Tabak et al., 2017). The methodological concept is based on the 

inherent frequency difference between water and the dominant methylene resonance in 

lipids, leading to an observable chemical change echo-times in eco-gradient images. 
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Introduction: Previous studies have hypothesized Fibroblast growth factor 21 (FGF-

21) as a potential biomarker of the inflammation associated to liver diseases, which is 

also receiving high attention for its potential application concerning the management of 

obesity and co-morbidities. 

Objective: This study aimed to analyze the response of FGF-21 after a weight loss 

intervention and the relationships with other putative inflammatory liver biomarkers. 

Subjects and Methods: Sixty-six obese participants from the RESMENA study were 

evaluated at baseline and after following a 6-months energy restriction treatment. 

Anthropometrical, body composition by DXA, routine laboratory measurements, which 

included transaminases and gamma-glutamyl transferase (GGT) were analyzed by 

standardized methods. Moreover, FGF-21, M30-fragment (M30) and plasminogen 

activator inhibitor-1 (PAI-I) were analyzed as recognized liver inflammatory related 

biomarkers with specific ELISA Kits. 

Results: Most measurements related with hepatic damage, inflammation and adiposity 

status improved at the end of the 6-months nutritional intervention. In addition, ΔFGF-

21 shifts evidenced statistical relationships with changes in ΔM30, ΔGGT and ΔPAI. 

The reduction of M30 showed significant associations with changes in transaminases. 

Furthermore, PAI-I changes were related with ΔM30 and ΔGGT regardless of weight 

loss. A linear regression model was set up to assess the influence of ΔPAI-I and ΔM30 

on the variability of ΔFGF-21 (23.8%) adjusted by weight loss. 

Conclusion: These results evidenced interactions of some liver inflammatory 

mediators, specifically M30 and PAI-I with FGF-21. Thus, more investigation about 

FGF-21 is required given that this protein could be a biomarker of the obesity-

inflammation-liver process. Keys words: CK-18, NAFLD, M30, obesity, metabolic 

syndrome, inflammation. 
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1. Introduction  

Obesity rates are increasing in developed and transition countries becoming a 

worldwide epidemic [1]. In 2025 years, if the prevalence growth continues with this 

trend, the global figures of obesity will reach 18% in men and 21% in women [2]. In 

addition, it is well-known that obesity is commonly accompanied by different 

comorbidities such as type 2 diabetes, hypertension, dyslipidemia, cardiovascular 

disease, non-alcoholic fatty liver disease, among others [3]. The prevalence of non-

alcoholic fatty liver disease (NAFLD) is rising in parallel with the obesity epidemic 

being worldwide one of the most important chronic liver diseases [4]. Actually, NAFLD 

is considered as one frequent component encompassing the metabolic syndrome 

features, which is closely related with inflammatory processes [5, 6]. The mechanisms 

underlying the progression of this disease are still largely unknown [7]. In any case, a 

number of studies have identified diverse NAFLD multifactorial determinants and 

causal interactions with genetic factors, oxidative stress, hormones secreted from the 

adipose tissue and systemic inflammation as well as unbalanced nutrition and unhealthy 

lifestyles [8]. Nowadays, the investigations are focusing on novel liver biomarker, 

which has driven to an important evolution over the past 8-10 years regarding suitable 

non-invasive diagnosis tools for fatty liver. However, most scores and indexes are not 

still fully valid in clinical practice [9]. Some studies concerning the biomarkers have 

suggested the research of M30-fragment (CK-18) and FGF-21 as potential biomarkers 

of NAFLD [10]. M30-fragment estimates hepatocyte apoptosis in NAFLD or Non-

alcoholic Steatohepatitis (NASH), which is related with inflammation mechanisms and 

fibrosis stages [11, 12]. Even, another study [13] featured that CK-18 fragments 

(formed by M30 and M65 fragments) might be a useful biomarker to discriminate 

between NAFLD and NASH conditions. For instance, a recent review highlighted CK-

18 as one of the more promising biomarkers to diagnosis NAFLD [14]. On the other 
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hand, Fibroblast growth factor 21 (FGF-21) is released from liver cells, from adipocytes 

and in other tissues [15]. A functional role for FGF-21 is to maintain the glucose and 

lipid homeostasis [16]. Previous studies have reported that over-nutrition as well as in 

inflammation processes, FGF-21 levels are increased [17]. In addition, levels of FGF-21 

are elevated in NAFLD subjects and some investigators have found that FGF-21 is an 

independent biomarker to predict NAFLD [18]. Nowadays, the “gold standard” test to 

diagnosis NALFD is the liver biopsy, for steatosis, fibrosis or cirrhosis [19]. 

Nevertheless, it is an invasive and unreliable procedure for many patients and therefore 

it is not frequently performed [20]. In this context, the treatment of NAFLD is based on 

general dietary weight loss strategies, with a lack of information about specific dietary 

approaches through well designed randomized trials [21]. In this context, it is necessary 

to find suitable non-invasive biomarkers which, alone or in combination with other 

scores, are able to provide information to monitor NAFLD management in a 

personalized way. The present study aimed to evaluate the response of FGF-21 

circulating levels to a weight loss intervention and their relationships with metabolic 

and inflammatory liver biomarkers such as the recently proposed liver disease 

biomarkers M30 fragment (CK-18 fragments) and PAI-I, in obese patients with 

metabolic syndrome.  

 2.Methods  

2.1 Study design 

The current study enrolled 66 participants of the RESMENA-S study, which was 

designed as a randomized, controlled intervention trial to compare the effects of two 

hypocaloric dietary strategies (American Heart Association and RESMENA) on 

metabolic syndrome features after six-month of follow-up. Subjects were assigned 

(using the “random between 1 and 2” function in the Microsoft Office Excel 2003 
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software (Microsoft Iberica, Spain) to follow one of the two energy-restricted diets 

described elsewhere [22]. Both diets have been found to produce similar weight loss 

and metabolic outcomes, so both dietary groups were merged for the current analyses as 

statistically designed in other investigations of RESMENA study [23]. Physical activity 

were controlled by a 24h-questionnaire at the beginning and at the end of the study [22]. 

The RESMENA study followed the CONSORT 2010 guidelines, except for blinding. 

This research was performed according to the ethical guidelines of the Declaration of 

Helsinki, and it was registered (;). The trial was approved by the Research Ethics 

Committee of the University of Navarra (ref. 065/2009). Additional aspects of this 

intervention trial have been detailed elsewhere [24]. 

2.2 Nutritional Intervention  

Two hypocaloric dietary strategies, both with the same energy restriction (−30% of the 

individual´s requirements), were prescribed and evaluated. The reference diet was based 

on American Heart Association (AHA) guidelines, including 3–5 meals/day, a 

macronutrient distribution of 55% Total Caloric Value (TCV) from carbohydrates, 15% 

from proteins and 30% from lipids, a healthy fatty acids (FA) profile, a cholesterol 

consumption lower than 300 mg/day and a fiber intake of 20–25 g/day. Otherwise, the 

RESMENA diet was designed with a higher meal frequency, consisting of 7 meals/day, 

and a macronutrient distribution of 40% TCV from carbohydrates, 30% from proteins 

and 30% from lipids. RESMENA diet also maintained a healthy fatty acid profile rich in 

omega-3, extra virgin olive oil intake, a cholesterol content of less than 300 mg/day and 

a fiber intake of 20–25 g/day. A 48-h weighed food record was fulfilled at the beginning 

and at the end of the study, which was used to evaluate the volunteer's adherence to the 

prescribed diet. The energy and nutrient content of these questionnaires were 

determined with the DIAL software (Alce Ingenieria, Madrid, Spain), as described 
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elsewhere [22]. Anthropometric determinations were measured in fasting conditions and 

following standardized procedures previously reported [24]. Body composition was 

assessed by dual-energy x-ray absorptiometry (Lunar Prodigy, software version 6.0, 

Madison, WI), was examined at baseline and at the end of the trial according with 

validated protocols [22]. Body mass index (BMI) was calculated as the body weight 

divided by the squared height (kg/m2). Glucose, total cholesterol (TC), triglycerides 

(TG), ALT, AST, and GGT were measured on an autoanalyzer (Pentra C-200; HORIBA 

ABX, Madrid, Spain) with specific kits from this company. Plasma concentrations of 

CK18-fragments (M30) levels were assessed by ELISA assay (Mercodia, Uppsala, 

Sweden) with an autoanalyzer system (Triturus, Grifols SA, Barcelona, Spain) 

following the manufacturer’s instructions. FGF-21 concentrations were analyzed using 

a commercial enzyme-linked immunosorbent assay (ELISA) kit (Biovendor, Brno, 

Czech Republic) according to the supplier guidelines [25]. Fasting plasma levels of 

leptin and adiponectin were measured by ELISA using commercially available kits 

(Millipore, MA, USA). Plasma concentrations of high-sensitivity CRP (hsCRP) 

(Demeditec) was measured as well as IL-6 (R&D Systems), TNF-α (R&D Systems), 

and PAI-I (BioVendor) were measured with specific enzyme-linked immunosorbent 

assay kits from the specified suppliers with the use of an autoanalyzer system (Triturus, 

Grifols SA, Barcelona, Spain) in accordance with the manufacturer’s instructions. 

Homeostatic model assessment of insulin resistance (HOMA-IR) and Homeostatic 

model assessment of β cell function (HOMA-β) were estimated using the equation of 

Matthews., et al [26]. The Fatty Liver Index (FLI) is an algorithm derived from serum 

TG, BMI, WC and GGT levels [27-30], which was validated in a large group of 

subjects with or without suspected liver disease with an accuracy of 0.84 (95% CI) in 

detecting a fatty liver condition. Fatty liver index varies between 0 and 100, being the 

presence of steatosis estimated when FLI score ≥ 60.  
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2.3 Statistical Analyses  

Analyses were performed using 12.0 STATA version (Stata Corp). According to 

previous studies and, in the current investigations both diets (AHA and RESMENA) 

were equally beneficial and effective concerning weight loss and metabolic outcomes. 

For these the data were analyzed as one group. Changes in given variables were 

calculated as values of the end of the intervention less values at baseline. To analyze the 

changes of inflammation biomarkers during the intervention, the median value of the 

changes was used as a cut-off (above and below the 50th percentile) as previously 

applied [31]. Normality distributions of the evaluated variables were determined by 

means of the Shapiro-Wilk test. Continuous variables were compared between groups 

by the Student’s t-test or the Mann–Whitney U test for parametric or non-parametric 

variables, respectively. The relationships among variables were assessed by the 

Pearson´s correlation coefficient or the Spearman´s rho (p), as appropriate depending on 

normality distributions. Multivariate linear regression models were fitted to assess the 

potential influence of liver-inflammation factors on FGF-21 levels after treatment and 

adjusted for age and gender. Two regression models were performed. Model 1 included 

changes after treatment in M30 and PAI-I. Model 2 also included changes in body 

weight. All p values presented are two-tailed, and differences were considered 

statistically significant at p<0.05. 

 3. Results  

A total of 109 Caucasian adults were enrolled to participate in this study, Then, 93 

participants started the dietary interventions after inclusion screening, who showed no 

statistical differences concerning anthropometric and biochemical measurements at the 

end of the 6-months. During follow-up there were patients who withdrew due to lack of 

adherence of the informed consent. The present study evaluated a subsample of 66 
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subjects (50.8 ± 8.6; 36M/30F) who completed all the required data. Changes in 

anthropometric and body composition as well as lipid and glucose metabolism values 

were assessed by standard procedures at baseline and after weight loss (Table I) in order 

to screen the general outcomes of the intervention. All measurements significantly 

improved at the end of the intervention. In addition, in order to characterize the 

evolution of hepatic markers and related liver inflammatory biomarkers paired T-tests 

were performed at baseline and after the nutritional follow-up. All hepatic and 

inflammatory markers also showed a significant clinical amelioration (Table II). In that 

sense, several linear regression analyses concerning changes in FGF-21 and other 

inflammatory liver markers after the intervention period were fitted with the purpose of 

discriminating the relation with M30 (cell apoptosis maker) and PAI-I (plasminogen 

activator inhibitor). Some variables were independently studied by univariable linear 

regression. Therefore, variables potentially associated with the FGF-21 were: Δ M30 

(β= 0.26, R= 0.048, p=0.066), Δ PAI-I (β= 0.665, R=0.239, p<0.001), Δ Age (β= -25.2, 

R=-0.008, p = 0.458). When these variables were jointly considered, the predictors of 

the model explained up to 24.1% (Table III) of the variation of the Δ FGF-21 in model 1 

(adjusted R2 =0.241, Pmodel =0.008). Likewise, the energy restricted nutritional 

intervention and subsequent weight lowering could affect this biomarker. Thus, in 

model 2 (Table III) the linear regression with the same outcomes were adjusted by Δ of 

weight loss, evidencing that the effect of variations of the inflammatory markers on 

FGF-21 is independent of the weight loss processes. In this context, the relationships 

between hepatic markers and inflammatory parameters were studied with the objective 

of seeking relevant clinical information. Thus, changes in FGF-21, M30 fragment and 

PAI-I as non-invasive liver markers with inflammatory biomarkers and metabolic status 

are also reported (Figure 1 and 2). Positive and significant associations were found 

between FGF-21 with M30 (r = 0.346; p= 0.012); GGT (r = 0.409; p= 0.003) and PAI (r 
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= 0.521; p<0.001). In addition, M30 showed significant relations with: ALT (r = 0.372; 

p= 0.003), AST (r = 0.280; p= 0.031). On the other hand, PAI-I showed significant 

associations with: GGT (r = 0.337; p= 0.015) and M30 (r = 0.284; p= 0.041). Finally, in 

order to reinforce these results, Figure 3 illustrated that according with P50 of Δ M30 

and Δ PAI-I, highest reductions in both inflammatory markers were linked with highest 

decreases in Δ FGF-21.  

4. Discussion  

NAFLD is becoming one of the most common liver diseases worldwide, whose 

complex pathogenesis is closely associated with metabolic disorders such as obesity [3, 

32]. To understand the specific mechanisms involved in this process is an urgent 

necessity [33]. Nowadays, molecules such as FGF-21 have emerged as a potential 

player or biomarker of the NAFLD pathogenesis in a framework of inflammation 

processes [34]. In this context, this study evidenced that the improvement in hepatic-

inflammatory biomarkers induced by an energy restriction treatment prescribed to lose 

weight is associated with a concomitant reduction in FGF-21 circulating levels. 

Relevantly, this association was not directly related to weight loss, suggesting that is the 

improvement in the inflammation induced by the dietary treatment the most probable 

mechanism involved in the variation of FGF-21. Therefore, the current results highlight 

the relevance of FGF-21 as a non-invasive marker for prediction and management of 

liver disease. Several lines of evidence suggest that increased stress oxidation changes 

in several molecular factors, including adipokines, chemokines, and pro- or anti-

inflammatory cytokines, are mainly involved in the progression of NAFLD/NASH [35]. 

Indeed, inflammation appears as a common feature with different stages of diverse liver 

disease, where specific assessment may help to better understand the progression of 

liver disturbances with specific inflammatory biomarkers such as FGF-21 or M30-
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frgaments. Regarding NAFLD treatment, dietary and lifestyle modifications are 

considered the first step therapy for patients with NAFLD, but there is no consensus for 

pharmacological treatment [36]. It is important to take into account that this pathology 

has different grades of severity, which makes necessary develop appropriate biomarkers 

for its different stages [37]. For these reasons, current research has focused on 

identifying biomarkers to predict NASH or NAFLD [14, 38]. In this context, Bedogni et 

al. (2006) designed a simple scoring system named FLI, which includes TG, GGT, 

BMI, and WC, and it is easily calculated. FLI was developed for the prediction of fatty 

liver disease (AUC= 0.84) [27]). The accuracy of FLI in comparison with the 

ultrasonography method for detection and quantification of hepatic steatosis has been 

validated in several countries (Bedogni et al. 2006). Furthermore, previous studies have 

demonstrated and validated other non-invasive markers of liver status that were used in 

this investigation (M30-fragments) [39]. In addition, changes in recognized biochemical 

parameters, such us transaminases levels are the most common non-invasive 

methodology to assess fatty liver. However, in patients with NAFLD more than 70% 

have normal liver enzymes values [40]. Early diagnosis of NAFLD is very important, 

but there is no a single biochemical marker for confirmation NAFLD [41]. In this study, 

we evaluated the relationships between FGF-21 and M30 fragment (two inflammatory 

related molecules) with anthropometric and metabolic status markers in 

overweight/obesity subjects under energy-restriction, using data at baseline and at the 

end of the intervention (6 month). As expected, the metabolic hepatic and inflammatory 

outcomes improved in most cases. Interestingly, inflammatory markers (FGF-21, M30 

and PAI-I) reported different clinical outcomes. First, FGF-21 was associated with 

markers of cell apoptosis (M30) and transaminases in our study. This marker has been 

shown as an independent predictor of NAFLD and inflammatory processes [42] in 

humans. [18, 43, 44]. Other authors have suggested that FGF-21 can be used for early 
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identification of hepatic steatosis [45]. Thus, circulating FGF-21 levels in human have 

been found increased in pathologies such us obesity, metabolic syndrome insulin 

resistance and cardiovascular disease [46, 47]. Also, another study [48] evidenced that 

FGF-21 was associated with hs-CRP, whose values were significantly elevated in 

patients with NAFLD and diabetes. On the other hand, several authors have 

demonstrated the relation of insulin resistance, diabetes with FGF-21, as occurred in our 

analysis [34]. In other words, FGF-21 has been related with processes of inflammation 

in NAFLD [49] and FGF-21 could have a compensatory effect to protect body from 

adverse metabolic responses. The findings in human studies suggest that serum FGF-21 

level has the potential to be an important biomarker for the early diagnosis of metabolic 

diseases or its complications [46]. Secondly, concerning serum M30 fragment, a study 

from Kawanaka M. et al., (2015) concluded that CK-18 (M30 fragment) levels predict 

NASH values, which correlated with histological studies. Other trial also concluded that 

CK18, including M30- fragment are good predictive of the prognosis of fatty liver [45]. 

These investigations highlight that in addition to test the progression of the pathology, 

inflammation related measurements are good indicators of the status of the disease [50]. 

However, other study suggests that CK-18 (M30 fragment) only is specific for NAFLD, 

without inflammation, and propose to combine this biomarker with a diagnostic panel 

with other biomarkers or clinical laboratory tests [51]. In fact, M30 is a good marker to 

study the prognosis of NAFLD, but also it is truth that some studies that levels of ALT, 

AST and GGT were elevated in NAFLD patients conjointly with M30 marker. 

However, only M30 levels were independent baseline predictors of the remission of 

NAFLD [45]. Third, PAI-I metabolism and functions are still scarce, although some 

studies have suggested that these cytokines could have a later effect in obese state [52]. 

In a research from Thiruvagounder M. et al., 2010 showed significant associations of 

NAFLD with impaired fibrinolytic activity were evidenced by increased levels of PAI-I 
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[53]. Contrarywise, in our study PAI-I showed a significant reduction at the end of the 

intervention as well as PAI-I revealed positive and significant associations with M30 

fragment, GGT and FGF-21. Finally, concerning the regression analysis in this study, it 

was found that adjusting by changes in weight loss, the inflammatory markers remained 

affected. A limitation of this study is that NAFLD was evaluated using non-invasive 

markers instead of imaging techniques and/or liver biopsies. Also, the sample size of the 

current study is relatively small, and conclusions should not be extrapolated to a general 

population. Although type I error cannot be discarded the achieved results reveal that 

the outcomes are plausible within the planned hypothesis. Moreover, the design of the 

current trial is based on validated non-invasive and affordable markers, which makes 

them suitable form of diagnosis in clinical practice. In addition, FLI was assessed in 

subjects at baseline and the whole sample present moderate (FLI ≥30 & ≤60) and 

several (FLI >60) fatty liver. One of the main strengths of the present research is that it 

is a randomized controlled trial, considered the gold standard in the hierarchy of 

research designs for evaluating the efficacy and safety of a treatment intervention. 

Furthermore, the fact that every dietary pattern has been personally designed for each 

patient taking into account the sex, height, initial body weight and physical activity 

should also be highlighted. Finally, it is important point out that a well-recognized 

healthy dietary pattern (AHA) was used as comparative test, which shows that positive 

results obtained with RESMENA diet should be considered of reasonably importance. 

As a corollary, the current research indicates that FGF-21 is sensitive to nutritional 

stress regardless of weight lowering, and that the mechanism of inflammation can be 

independent of weight loss. 
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5. Conclusion 

 The current study evidences that FGF-21 levels are modulated after an energy-

restriction treatment in metabolic syndrome-obese patients concomitantly with an 

improvement in inflammation, hepatic damage and body composition. Importantly, the 

FGF-21 changes exhibited a great association with M30 fragment and PAI-I, two non-

invasive markers of liver inflammation. This association is independent of weight loss. 

Therefore, further investigation about FGF-21 is required since that this molecule 

appears to be involved in the obesity-inflammation-liver process, whose plasma 

concentrations could add relevant information in the prediction and management of the 

liver pathogenesis associated to obesity. 
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Table I. Anthropometric and body composition, lipid and glucose metabolism of the 

participants after 6 months of dietary intervention to lose weight.  

 Baseline 6-month p-value 

Anthropometric and Body composition   

Weight (kg) 99.4 (15.8) 90.4 (15.5) <0.001 

BMI (kg/m2) 35.7 (43) 32.6 (4.5) <0.001 

Android fat mass (kg) 4.6 (1.2 3.8 (1.5) <0.001 

Total fat mass (kg) 41.5 (9.2) 34.5 (9.1) <0.001 

Lipid and glucose metabolism   

Glucose (mg/dl) 124.7 (38.1) 113.4 (28.7) 0.006 

Total cholesterol (mg/dl) 388.7 (153.0) 278.3 (120) <0.001 

HDL-cholesterol (mg/dl) 45.4 (90) 48.8 (10.1) 0.001 

LDL-cholesterol (mg/dl) 142.6 (39.2) 172.5 (38.4) <0.001 

TG (mg/dl) 177.8 (92) 136.4 (77) <0.001 

Insulin (U/L) 13.2 (7.1) 7.9 (5.8) <0.001 

HOMA-IR 4.1 (2.5) 2.3 (2.0) <0.001 

(mean ± SD). Pared ttest were carried out. p < 0.05 was consider statistical significant. BMI, 

Body Mass Index; VAT, Visceral adipose tissue; HDL, High Density Lipoprotein; LDL, Low 

Density Lipoprotein; TG, triglycerides; HOMA-IR, homeostatic model assessment insulin 

resistance. 

 

 

Table II. Hepatic and inflammatory markers of the participants after 6 months of 

dietary intervention to lose weight. 

 Baseline 6-month p-value 

Hepatic markers   

ALT (U/L) 33.4 (17.8) 24.5 (8.8) <0.001 

AST (U/L) 24.2 (9.4) 21.5 (5.2) 0.029 

GGT (U/L) 42.1 (26.0) 24.2 (16.5) <0.001 

FLI 86.99 (14.1) 68.1 (3.2) <0.001 

M30 (U/L) 183.7 (129.5) 118.3 (49.4) <0.001 

Inflammatory markers   

Leptin (ng/ml) 20.8 (15.3) 15.5 (13.8) 0.001 

Adiponectin (ng/ml) 13.1 (10.0) 16.2 (12.4) 0.002 

hs-CRP (mg/dl) 3.3 (3.2) 2.1 (2.4) 0.001 

IL-6 (pg/ml) 2.4 (1.5) 1.8 (1.2) <0.001 

PAI-I (pg/ml) 173.4 (111.3) 108.9 (64.1) <0.001 

FGF-21 (pg/ml) 184.9 (165.3) 91.9 (93.7) <0.001 

(mean ± SD). Pared ttest were carried out. p < 0.05 was consider statistical significant. ALT 

Alanine Transaminase; AST, Aspartate Transaminase; GGT, Gamma-glutamyl transferase, FLI, 

Fatty liver index; M30, M30 fragment of CK18; hs-CRP, high sensitive C-reactive protein; IL6, 

Interleukin 6; PAI-I-I, Plasminogen activator inhibitor-1; FGF21, fibroblast growth factor 21;  
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Table III. Linear regression analyses according to changes in FGF-21 involving different 

inflammatory liver markers after the 6-month intervention. 

Model 1 β-coefficient IC p-value 

Δ M30 0.72 0.18 to 1.25 0.039 

Δ PAI-I 0.66 0.31 to 1.00 <0.001 

P-model (R2-adjusted)                                                                        0.008 (0.241) 

Model 2 β-coefficient IC p-value 

Δ M30 0.66  0.11 to 1.22 0.041 

Δ PAI-I 0.63 0.27 to 0.98 0.001 

Δ Weight loss -3.13 -10.54 to 3.27 0.293 

P-model (R2- adjusted)                                0.008 (0.238) 

Model 1 and 2 were adjusted by age and gender. M30, M30 fragment of CK18; PAI-I, 

Plasminogen activator inhibitor-1; FGF21, fibroblast growth factor 21. 

 

 

 

 

Figure 1. Linear regression analyses according to changes in FGF-21 involving different 

inflammatory liver markers after the 6-month intervention. 
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Figure 2. Associations between changes of inflammatory related hepatic markers. 

 

 

Figure 3. Changes in FGF-21 according to the magnitude of changes in M30 and PAI-I 

categorized for median (≥p50 or <p50). * p< 0.05 was considered statistically significant. † 

p<0.005 was considered statistically significant after adjustment for changes in body 

weight.  
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Ultrasound/Elastography techniques, lipidomic and blood markers 
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Introduction: Non-alcoholic fatty liver disease (NAFLD) may progress to 

steatohepatitis, cirrhosis and complicated hepatocellular carcinoma with defined 

differential symptoms and manifestations.  

Objective: To evaluate the fatty liver status by several validated approaches and to 

compare imaging techniques, lipidomic and routine blood markers with magnetic 

resonance imaging in adults subjects with non-alcoholic fatty liver disease.  

Materials and methods: A total of 127 overweight/obese with NAFLD, were parallelly 

assessed by Magnetic Resonance Imaging (MRI), ultrasonography, transient 

elastography and a validated metabolomic designed test to diagnose NAFLD in this 

cross-sectional study. Body composition (DXA), hepatic related biochemical 

measurements as well as the Fatty Liver Index (FLI) were evaluated. This study was 

registered as FLiO: Fatty Liver in Obesity study; NCT03183193. 

Results: Subjects with worse liver status revealed more adverse values in the general 

metabolic status. Positive associations between MRI with inflammatory and insulin 

biomarkers were found. A linear regression model including ALT, RBP4 and HOMA-

IR was able to explain 40.9% of the variability in fat content by MRI. In ROC analyses 

a combination panel formed of ALT, HOMA-IR and RBP4 followed by 

ultrasonography, ALT and metabolomic test showed the major predictive ability 

(77.3%, 74.6%, 74.3% and 71.1%, respectively) for liver fat content. 

Conclusions: A panel combination including routine blood markers linked to insulin 

resistance showed highest associations with MRI considered as a gold standard for 

determining liver fat content. These results can help to facilitate the diagnosis avoiding 

other invasive and expensive methods in order to provide advice in the management of 

non-alcoholic liver disease in the early stages. 
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Key words: MRI, liver fat content, ultrasound, ROC, FibroScan, NAFLD. 

Abbrevations 

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; ALT: 

Alanine-amino transferase; AST: Aspartate-amino transferase; GGT: Gamma-Glutamyl 

transpeptidase; WC: Waist circumference; BMI: Body mass index; TC: Total 

cholesterol; TG: Triglycerides; CRP: C-reactive protein; FGF-21: Fibroblast growth 

factor 21; RBP-4: Retinol Binding protein; FLI: Fatty Liver Index; TyG: 

Triglycerides/glucose ratio; TGs: Triacylglycerols; UHPLC-MS: High performance 

liquid chromatography and mass spectrometry; IQR: Interquartile range; LSM: Liver 

stiffness; MRI: Magnetic resonance imaging; Echo-times: TE; Echo-gradient: GRE; 

ROC: Receiver operating characteristics; HOMA-IR: Homeostatic model assessment of 

insulin resistance; HOMA-β: Homeostatic model assessment of β-cell function; ROC-

AUC: Receiver operating characteristics-Area under the curve. 
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Introduction 

Non-alcoholic fatty liver disease (NAFLD) encompasses a spectrum of clinical 

conditions with hepatic fat accumulation, which can start from a simple steatosis to non-

alcoholic steatohepatitis (NASH) and finally advanced fibrosis leading to cirrhosis or to 

hepatocellular carcinoma (1). The less harmful condition of NAFLD (simple steatosis) 

represents about 80-90% of cases, its pathology being asymptomatic in the early stages, 

while NASH is a more severe condition, whose prevalence is increasing in the general 

population (2). Around 15-20% of people with NASH will have liver cirrhosis in 10-20 

years (3). The inconsistencies between the great prevalence of NAFLD in the general 

adult population and the low awareness of determinative clinical symptoms and the lack 

of appropriate diagnosis tools needs to be investigated for improved and more precise 

clinical practice (4). In any case, NAFLD cannot be considered as a benign disease, 

because the progression of NAFLD could drive to a fatal stages and conditions in the 

liver, including hepatocellular carcinoma (5). Currently, there is no a simple generally 

accepted medical treatment for NAFLD, weight loss induced by hypocaloric diets, 

bariatric surgery or drug inducing fat mal-absorption, could ameliorate the NAFLD 

manifestations in some cases (6). Accordingly, the NAFLD condition is typically 

associated with key metabolic syndrome components such as obesity, insulin resistance, 

hypertension and hypertriglyceridemia, but the mechanisms concerning this disease 

pathogenesis and progression remain unclear (7). The gold standard test for the 

diagnosis of NAFLD is liver biopsy, but it is rarely performed because is an invasive 

and expensive procedure and which is not devoid of some degree of error (8). Non-

invasive liver biomarkers and routine laboratory tests such as alanine aminotransferase 

(ALT), aspartate aminotransferase (AST) and gamma-glutamyl-transpeptidase (GGT) 

are included in the general examination in subjects with suspected NAFLD (9), but they 

are often imprecise or unspecific. Therefore, newer investigations are focusing on more 
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efficient predictive factors, including imaging techniques, algorithms, metabolomics 

measurements and plasma biomarkers to non-invasively identifications of NAFLD 

features at early stages (10). Therefore, it is important to seek alternatives to a liver 

biopsy for simple and non-invasive predictor tests to detect NAFLD. Thus, the objective 

of this research was to evaluate to evaluate the fatty liver status by several validated 

approaches and to compare imaging techniques, lipidomic and routine plasma markers 

with magnetic resonance imaging in adults subjects with non-alcoholic fatty liver 

disease. 

Participants and Methods 

Study protocol 

The current study included 127 overweight/obese subjects with ultrasound-confirmed 

liver steatosis. The analyses were conducted within the FLiO project (Fatty Liver in 

Obesity), a randomized controlled trial (www.clinicaltrials.gov; NCT03183193), which 

was conducted following the Consort 2010 guidelines. The study was approved by the 

Ethics Committee of the University of Navarra (54/2015). All participants gave written 

informed consent for their participation in accordance with the Declaration of Helsinki. 

The study considered 127 men and women, between 40-80 years of age, with 

overweight or obesity (calculated as a BMI ≥ 27.5 and < 40 kg / m2) as described 

elsewhere (11) and with NAFLD (diagnosed by Radiology or Hepatology professionals 

using conventional ultrasonography / elastography for the assessment). The exclusion 

criteria were endocrine disorders, hyper or uncontrolled hypothyroidism, known liver 

disease (other than NAFLD), alcohol abuse (> 21 and> 14 units of alcohol per week in 

men and women respectively (ex 1 unit = 125 mL of wine), pharmacological treatments 

(immunosuppressants, cytotoxic agents, systemic corticosteroids or other drugs 

potentially causing steatosis hepatic or alteration of liver tests), presence of active 
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autoimmune diseases or requiring pharmacological treatment, acute infections, a weight 

loss ≥3 kg in the last 3 months, serious psychiatric disorders as well lack of autonomy, 

or inability to follow the diet. 

Anthropometric, body composition and biochemical measurements. 

Anthropometric measurements such us body weight and waist circumference (WC), 

were determined in fasting conditions following previously described standardized 

procedures (12). Body composition was assessed by dual-energy x-ray absorptiometry 

(Lunar Prodigy, software version 6.0, Madison, WI) at baseline in accordance with 

validated protocols (13). Body mass Index (BMI) was calculated as body weight 

divided by height squared (kg/m2) following accepted cut-off criteria (11). Glucose, 

total cholesterol (TC), triglycerides (TG), ALT, AST, C-reactive protein (CRP) and 

GGT were measured with routine validated procedures in the laboratory of biochemistry 

in the Clinic Universidad de Navarra. Plasma concentrations of Fibroblast growth factor 

21 (FGF-21) and Retinol binding protein 4 (RBP-4) were assessed by an ELISA assay 

with the same autoanalyzer system (Triturus, Grifols SA, Barcelona, Spain) in 

accordance with the manufacturer’s instructions. The Fatty Liver Index (FLI) is an 

algorithm derived from serum TG, BMI, WC and GGT levels (14-17), which has been 

validated in a large group of subjects with or without liver disease and has an accuracy 

of 0.84 (95% CI) in detecting fatty liver. An index of <30 points indicates the absence 

of fatty liver and an index ≥60 rules is a marker of in fatty liver. Finally, 

Triglycerides/glucose index (TyG) was computed for each participant as the natural 

logarithm (Ln) of [fasting triglycerides (mg/dl) * Fasting plas ma glucose (mg/dl)/2] 

(18). 
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Metabolomics 

The metabolomic used test, OWLiver (One Way Liver S. L. Bilbao, Spain) is a fasting 

blood probe that measures a panel of biomarkers that belong to the family of 

triacylglycerols (TGs), which are a reflection of the amount of fat and inflammation of 

the liver (19) and, therefore a measure of the degree of development of the NAFLD. All 

TGs are measured by high performance liquid chromatography and mass spectrometry 

(UHPLC-MS) as described elsewhere (19). The relative metabolite concentrations are 

analyzed together in an algorithm that generates the final OWLiver score, this being the 

probability of approximation of the state of the individual's liver to a normal liver, 

steatotic or with NASH. The test is based on the results expressed on a scale of values / 

probabilities from 0 to 1, which discriminates between non-fatty and fatty liver. The 

outcomes have a value of 0.5 as the cut-off point or separation to discriminate between 

their respective two stages. The test score was developed to estimate the NAFLD stage 

and is based on a prospective study, where subjects had previously been diagnosed by 

liver biopsy (19). 

Imaging assessments 

The ultrasonography methodology consisted in the evaluation of the steatosis status by 

visual quality of the liver echogenicity, measurements of the difference between the 

kidneys and the liver in the amplitude of the echo, determination of the clarity of the 

structures of the blood vessels in the liver (20). The clinical classification was done 

using a 4-point scale: less than 5% (grade 0), 5-33% (grade 1), 33-66% (grade 2), and 

greater than 66% (grade 3) as described elsewhere (20, 21). Transient elastography, 

with the subject in the supine position and the right arm in maximum abduction was 

also assessed (22). At this point, depending on the obesity status, M and XL probes 

were selected under the professional criteria. After finding and adequate window for 
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exploring, repeated shots were performed until obtaining 10 valid values. The study was 

considered unsuccessful if no valid measurement was obtained in any of the 20 shots, 

while it was considered reliable if: a) 10 valid measurements were obtained; b) the 

proportion of valid measurements was at least 60%, and c) the interquartile range (IQR 

[interquartile range], which reflects the variability of the measurements) was less than 

30% of the median value of liver stiffness obtained (LSM) [liver stiffness 

measurement]) (IQR / LSM <0.3) (23). If the study was considered valid, it was agreed 

that there was significant hepatic fibrosis if the measured median stiffness was greater 

than 7 kPa and cirrhosis 12 kPa (24). Magnetic Resonance Imaging (MRI) was used to 

detect and quantify lipids following the accepted criteria (22). The methodological 

concept is based on the inherent frequency difference between water and the dominant 

methylene resonance in lipid, leading in an observable chemical change echo-times 

(TE) in eco-gradient (GRE) images. Ignoring other underlying magnetic resonance and 

other biological effects, the degree of signal loss in phase images opposite to the 

proportion of a degree of particle accumulation, resulting in a method to detect fat liver 

(25). Those subjects with <5% were considered with NAFLD through this MRI 

technique (26). The echograph used was Siemens ACUSON S2000 y S3000. Transition 

elastography were performed through FibroScan® (Echosens, Paris, France) and finally, 

MRI was Siemens Aera 1,5 T. All the imaging tests were performed and evaluated by 

the same hepatologist within the medical team. Finally, cut off points of the different 

imaging techniques and transaminases levels were: Ultrasonography (grade 1/grade 2 

and 3) (20); FibroScan (7 Kpa) (16), MRI (5%) (27) and OWLiver metabolic test (0.5) 

(28). Cur-off points for transaminases levels were 41 U/L for men and 33 U/L for 

women, and AST were 37 U/L for men and 31 U/L for women according with the 

normalized values of the laboratory procedures of Clínica Universidad de Navarra. 
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Statistical analyses 

Normality distributions of the measured variables were determined according to the 

Shapiro–Wilk test. The relationships between MRI and anthropometric, biochemical 

and liver factors were assessed by ANOVA test. All comparisons were corrected by 

Bonferroni´s method. Spearman and Pearson were evaluated in the association between 

MRI with inflammatory and metabolic status as appropriate. Linear regression analyses 

was carried out taking the percentage of liver fat (MRI) as the dependent variable. 

Receiver Operating Characteristic (ROC) curves were applied to calculate the power of 

prediction of some variables for liver fat content (NAFLD) and the combination panel 

was created to calculate the power of prediction including homeostatic model 

assessment of insulin resistance (HOMA-IR), ALT and RBP-4 variables. Analyses were 

performed using STATA version 12.0 (Stata Corp). All p values presented are two-

tailed, and differences were considered statistically significant at p<0.05. 

Results 

A total of 127 Spanish adults participated in this cross-sectional analysis. The main 

clinical characteristics of the participants are reported in Table 1. Imaging techniques, 

metabolomic analysis study (OWLiver Care) and routine liver markers were categorized 

according to standard validated values. Subjects distributed by grades of steatosis 2 or 3, 

with more than 7 Kpa of liver stiffness and more than 5% of hepatic fat content showed 

higher adiposity, general biochemical status and liver markers (Table 2). Likewise, in 

Table 3 the same occurs accordingly with the metabolomic study (OWLiver) and 

transaminases, being subjects with worse liver markers and general metabolic status, 

those subjects with higher liver damage (Table 3). 
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Interesting associations between the percentage of liver fat content, metabolic and 

inflammatory markers were observed: RBP-4 (r= 0.306, p= 0.007), CRP (r= 0.233, p= 

0.010), FGF-21 (r= 0.313, p< 0.010), TyG (r= 0.211, p= 0.021), HOMA-IR (r= 0.445, 

p<0.010), and homeostatic model assessment of β-cell function HOMA-β (r= 0.307, 

p<0.001) (Figure 1). Thus, a linear regression analysis was carried out (Table 4) 

between MRI and HOMA-IR, RBP-4 and ALT. When these variables were jointly 

considered, the predictors of the model explained up to 40.9% of the variation of liver 

fat content (%) assessed by MRI. Finally, the Receiver Operating Curves (ROC) 

analyses, using MRI as the “gold standard” non-invasive method evidenced the 

following Receiver Operating Curves-area under de curve (ROC-AUC) (Figure 2): 

ultrasonography (ROC-AUC:0.746), OWLiver metabolomics (ROC-AUC: 0.711), FLI 

(ROC-AUC: 0.652) ALT (ROC-AUC: 0.743), AST (ROC-AUC: 0.679) and the 

combination of HOMA-IR, ALT and RBP-4 showed the highest predictive ability for 

liver fat content (ROC-AUC: 0.773). 

Discussion 

 Non-alcoholic fatty liver disease encompasses a spectrum of clinical manifestations 

from simple steatosis to steatohepatitis which may progress to cirrhosis or 

hepatocellular carcinoma (29). Overweight and obesity situations have been related with 

NAFLD (30). Approximately, more than 1.4 billion adults were overweight, of which 

500 million were obese in 2008. It is estimated that in 2030, 3.3 billion adults will suffer 

overweight or obese since the trend is rising (31). Thus, it is important to identify the 

relationships of excessive adiposity in different liver disease stages such as simple 

steatosis or NASH (32). In fact, a recent meta-analyses evidenced that NAFLD and 

NASH increased considerably the risk of suffering hepatocellular carcinoma (32). The 

diagnosis of certainty of NAFLD is currently obtained through the practice of a liver 
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biopsy; however, this process is an invasive method with significant risks and high 

costs, and furthermore is not devoid of error (33). For this reason, other non-invasive 

methods are being investigated, whether serological or radiological, that could allow to 

make the diagnosis of NAFLD simple and more informative (34). In addition, the 

association between NAFLD and inflammation is evidenced in our results and in others 

investigations, since these markers could have an important role through NAFLD (35, 

36). Magnetic resonance imaging, ultrasonography, elastography and metabolomics 

methods revealed a trend to increase with general anthropometric and body composition 

measurements. All these analyses suggest a differential impact of body weight and liver 

status assessed by different diagnostic strategies as reported by others (37). The 

metabolomic approach was more sensitive concerning lipid determinations. Again, it 

can be concluded that the assessed techniques showed some differences in the 

information they provided, which can be partly explained because the cut-off points 

were arbitrary (38). Indeed, diverse investigations have reported differences concerning 

liver fat content and stiffness with functional knowledge provided by the fatty liver 

index and the metabolomic profile. It is well known that magnetic resonance imaging 

can be used for accurate quantification of hepatic steatosis (39). This technique has been 

found to be highly accurate, reliable, and sensitive to changes in NAFLD degrees, 

which is able to quantify lipid fat content, while other non-invasive (ultrasonography 

and liver stiffness) assessment techniques (34) are less precise. Interestingly, in our 

study both MRI and all the rest of techniques used coincide in significantly 

discriminating in WC, FLI and glucose except for transaminases. However, MRI 

showed some differences with the other methods of diagnosis. Actually, 

ultrasonography is widely used to diagnosis the hepatic steatosis based on the idea that 

the fat accumulation increases the echogenicity of the liver (20). This technique is used 

when NAFLD is already suspected. The principal problem is if this effect also occurs 
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with fibrosis and therefore, the diagnosis is often confused (40), being imprecise for 

mild steatosis diagnosis. Furthermore, our results suggest that most of the 

anthropometric and body composition determinants, biochemical measurements and 

liver markers discriminate relatively well between 1 or 2 and 3 grades of steatosis. On 

the other hand, liver stiffness measured by Fibro Scan, where low frequency waves are 

sent to the liver and then transmitted to an ultrasonography receiver. This approach 

presents some disadvantages. First, there is no consensus and validation about the cut-

off to distinguish between high or low stiffness (41) and it is not able to detect liver fat 

unlike the ultrasonography and MRI (42). The speed of propagation measured in the 

liver gives the resulting liver stiffness (Kpa) value (43). In addition, the BMI of the 

participant and the subsequent as relevant for using stiffness values (44), and the fatty 

liver index, insulin resistances and the weight of the participant are determinate by this 

technique suggesting that obesity and their co-morbidities status could play an 

important role in fibrosis (45). In fact, insulin resistance is one of the key factors 

implicated in the development and progression of NAFLD, where the hepatic 

lipogenesis de novo is elevated, and the inhibition of adipose tissue lipolysis is reduced, 

consequently the flow of fatty acids increased (46). In addition, it produces dysfunction 

in adipose tissue, generating an increase of different adypokines and cytokines (47, 48). 

Indeed, the prevalence of NAFLD in subjects with type II diabetes has been 

demonstrated in more than 70% of individuals (49). Regarding the metabolomic 

approach, OWLiver Care is a novel metabolomic test based on a panel of 11 

triglycerides, which has been validated with 467 biopsis adults (28). However the same 

authors concluded that this model can be affected in individuals with diabetes type II 

(28) or insulin resistance, which is very frequent in subjects with NAFLD (50). 

Nevertheless, this technique was able to discriminate specifically as expected TG and 

total cholesterol, insulin resistance variables and some of the liver markers. The FLI 
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index, based on an easy calculation evidenced a good area under the curve of 0.84, for 

NAFLD determination, whom accuracy has been validated in comparison with liver 

ultrasonography (16), although is a technique without capacity for quantifying the 

hepatic fat content or stiffness (37). Transaminases values (ALT and AST) present very 

controversial results. Several authors have found that ALT or AST can be predictors of 

NAFLD, but in many other cases no associations have been found (51, 52). Finally, it 

seems clear that magnetic resonance imaging is more often considered as the gold 

standard method in the absence of liver biopsy (53), which is in agreement with our data 

when fitting the model that included gender, age, ALT, RBP-4 and HOMA-IR. 

Actually, when all these variables were jointly considered, the prediction value of the 

model explained up to 40.9%. Our results indicate that the assessment of liver status 

through different approaches provided different visions concerning hepatic status in 

NAFLD subjects. Since some of them are related with body composition (WC and FLI), 

while other are related with hepatic enzymes. Concerning ROC curves comparing 

ultrasonography, metabolomic OWLiver, ALT, AST and FLI as well as the 

combination panel were compared with magnetic resonance imaging as the reference. 

All results were statistically significant but, again the ultrasonography, metabolomics 

and combination panel showed the best predictions (ROC-AUC: 0.711; ROC-AUC: 

0.746 and ROC-AUC: 0.773 respectively). The techniques that have major power of 

prediction were ultrasonography and OWLiver coinciding with those techniques that 

were more discriminative of metabolic factors as described previously (20, 54). 

Likewise, the combination of ALT, HOMA-IR and RBP-4 showed the best prediction 

with and accuracy of 77.3%. The design of different predictive models for non-alcoholic 

fatty liver disease through blood biomarkers or non-invasive imaging tests have many 

advantages, but some disadvantages and limited utility in comparison with liver biopsy. 

In other words, the utility of non-invasive liver markers to avoid the liver biopsy needs 
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further investigation and consensus (43, 55). Our study is a transversal design, which 

can identify associations but not causality. A large cross-sectional study such as this one 

contributes to the establishment of new hypotheses for large prospective studies and 

clinical trials. The main limitation of this study is that we do not have liver biopsy 

results. However, the design of the current trial is based on validated non-invasive 

markers and imaging techniques, which makes them a suitable form of diagnosis and 

comparisons in clinical practice. 

Conclusion 

The steatosis gradation (ultrasonography) and a metabolomic test as well as the panel 

combination including routine plasma markers linked to insulin resistance showed the 

highest associations with magnetic resonance imaging considered as a gold standard for 

liver fat content. These results can help to facilitate the diagnosis thereby avoiding other 

invasive and expensive methods and provide guidance in the management of non-

alcoholic liver disease in the early stages. 
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Table 1. Main characteristics of the participants. 

HOMA-IR, homeostatic model assessment of insulin resistance. ALT, alanine-amino 

transferase. AST, aspartate-amino transferase. GGT. Gamma-glutamyl transferase. MRI, 

magnetic resonance imaging 

 

 

 

 

Participants (n=127) 

Sociodemographic, anthropometric and biochemical variables  

Sex (n) (male/female) 73/54 

Age (y.) 50.8 (9.2) 

Body mass Index (kg/m2) 33.8 (3.9) 

Waist Circumference (cm) 109.8 (9.7) 

Total fat mass (%) 42.9 (6.4) 

Glucose (mg/dl) 108.0 (29.9) 

HOMA-IR  5.3 (4.8) 

Triglycerides (mg/dl) 137.0 (76.8) 

Total Cholesterol (mg/dl) 195.2 (38.0) 

Liver status  

ALT (U/L) 33.8 (18.1) 

AST (U/L) 25.0 (9.8) 

GGT (U/L) 37.42 (25.8) 

Liver fat mass (%) (MRI) 9.3 (9.2) 

Liver stiffness (Kpa) (Elastography) 5.1 (2.5) 

Ultrasonography (n) (grades)  

    1 

    2 

    3 

 

69 

45 

13 

Dietary and lifestyle habits  

Energy intake (kcal) (n=112) 2689 (1014) 

Mediterranean Diet adhesion (17 puntos) 6.2 (2.8) 

Physical activity (METs) 3309 (2639) 
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Table 2. Description of the main clinical characteristics of participants according to different imaging techniques. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(mean ± SD). Statistically different data are in bold type. BMI: Body mass Index; TG: triglycerides; HOMA-IR: homeostatic model assessment of insulin resistance; 

ALT: Alanine-amino transferase; AST: Aspartate-amino transferase; GGT: Gamma-glutamyl transferase; FLI: Fatty liver index; RBP-4, retinol binding protein 4; 

CRP, c-reactive protein; FGF21, Fibroblast growth factor 21; TyG, triglycerides/ glucose ratio. Cut-off points: Liver fat (MRI) = 5%; Grades of steatosis 

(ultrasonography) = 1 and 2-3; Liver stiffness (Fibro Scan) = 7 Kpa;  

 

 Liver fat 

(MRI) 

Grades of steatosis 

(Ultrasonography) 

Liver stiffness 

(Elastography) 

n= 127 <5% (n48) ≥5% (n79) 1 (n69) 2 and 3 (n58) <7 Kpa (n97) ≥7 Kpa (n30) 

Anthropometric and body composition   

Weight (kg) 95.3 (13.3) 96.2 (14.9) 92.5 (12.5) 99.9 (15.3) 93.8 (12.5) 104.1 (21.5) 

BMI (kg/m2) 33.3 (3.5) 34.1 (4.1) 32.8 (3.3) 35.1 (4.3) 33.2 (3.6) 36.4 (5.3) 

Waist circumference (cm) 107.5 (8.9) 111.1 (9.9) 106.4 (8.4) 113.8 (9.6) 108.1 (8.6) 115.7 (14.2) 

Android total fat mass (%) 52.9 (5.6) 53.1 (6.2) 52.7 (6.2) 53.4 (5.6) 52.5 (6.4) 54.5 (4.2) 

Total fat mass (%) 43.4 (6.5) 42.5 (6.4) 43.0 (6.7) 42.6 (6.1) 42.1 (6.6) 45.1 (5.2) 

General biochemical variables 

Total Cholesterol (mg/dL) 196.3 (39.7) 194.6 (37.7) 196.2 (38.5) 194.1 (37.6) 199.7 (36.0) 187.5 (43.2) 

TG (mg/dL) 118.8 (69.6) 148.1 (79.2) 122.3 (62.8) 154.4 (82.6) 135.3 (76.8) 151.0 (61.7) 

Glucose (mg/dL) 100.9 (14.2) 112.3 (35.7) 99.7 (12.7) 117.8 (40.1) 103.9 (9.2) 122.7 (25.3) 

Insulin (mU/L) 14.5 (7.6) 21.7 (12.7) 15.4 (8.7) 23.0 (13.1) 18.3 (11.2) 22.8 (13.4) 

HOMA-IR 3.6 (2.0) 6.4 (5.6) 3.8 (2.1) 7.1 (6.2) 4.8 (3.7) 6.9 (7.1) 

HOMA-β 5.5 (2.8) 7.5 (4.0) 6.0 (3.5) 7.6 (3.8) 6.7 (3.7) 6.8 (3.8) 

Liver markers   

ALT (U/L) 25.5 (12.7) 38.9 (19.1) 27.2 (12.6) 41.1 (20.9) 33.5 (17.2) 40.2 (25.2) 

AST (U/L) 21.4 (6.9) 27.1 (10.7) 22.7 (6.4) 27.7 (12.3) 24.7 (9.7) 27.3 (11.2) 

GGT (U/L) 30.7 (23.8) 41.4 (26.2) 34.5 (24.7) 40.8 (26.8) 37.3 (26.7) 41.2 (25.0) 

FLI (arbitrary units) 74.2 (20.8) 83.4 (15.2) 74.2 (19.8) 86.8 (12.8) 78.0 (18.7) 87.8 (16.1) 

RBP-4 (mg/l) 33.93 (10.0) 37.9 (9.9) 34.5 (9.9) 38.5 (10.0) 35.7 (8.9) 38.6 (13.2) 

CRP (mg/dl) 0.5 (1.8) 0.5 (0.6)       0.5 (1.5) 0.5 (0.6) 0.4 (0.5) 0.8 (2.2) 

FGF21 (pg/ml) 212.2 (148.1) 313.6 (259.2) 211.4 (172.0) 349.5 (262.7) 258.4 (199.5) 327.9 (300.4) 

TyG ratio 1.1 (0.6) 1.3 (0.6) 1.2 (0.7) 1.3 (0.6) 1.3 (0.6) 1.2 (0.6) 
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Table 3. Description of the main clinical characteristics of participants according to metabolomic test and transaminases to diagnose different liver status. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

(mean ± SD). Statistically different data are in bold type. BMI: Body mass Index; TG: triglycerides; HOMA-IR: homeostatic model assessment of insulin resistance; 

ALT: Alanine-amino transferase; AST: Aspartate-amino transferase; GGT: Gamma-glutamyl transferase; FLI: Fatty liver index; 

RBP-4, retinol binding protein 4; CRP, c-reactive protein; FGF21, Fibroblast growth factor 21; TyG, triglycerides/ glucose ratio. Cut-off points: Metabolomic test 

(OWLiver Care) = 0.5; ALT= 41 (U/L) men and 33 (U/L) for women; AST = 37 (U/L) for men and 31 (U/L) for women. 

 Metabolomic test 

(OWLiver Care) 

ALT (U/L) AST (U/L) 

n= 127 

<0.5  

(n28) 

≥0.5  

(n84) 

Men ≤ 41 (U/L) 

Women ≤ 33 

(U/L) 

n (85) 

Men >41 (U/L) 

Women > 33 

(U/L) 

n (42) 

Men ≤ 37 (U/L) 

Women ≤ 31 

(U/L) 

n (113) 

Men > 37 (U/L) 

Women > 31 

(U/L) 

n (14) 

Anthropometric and body composition 

Weight (kg,  #86) 92.3 (11.7) 96.9 (14.4) 95.6 (13.7) 96.3 (15.6) 96.7 (14.4) 89.5 (12.1) 

BMI (kg/m2) 33.1 (3.3) 34.2 (4.9) 33.7 (3.6) 34.1 (4.5) 33.9 (9.0) 33.4 (3.4) 

Waist circumference (cm) 106.4 (7.6) 111.0 (9.7) 109.3 (9.7) 110.8 (9.7) 110.0 (9.8) 107.7 (8.9) 

Android total fat mass (%) 52.5 (11.8) 53.0 (5.8) 53.1 (6.4) 52.8 (5.0) 53.1 (6.1) 52.5 (4.4) 

Total fat mass (%) 42.0 (10.4) 42.9 (6.3) 40.2 (8.7) 39.0 (10.0) 40.2 (9.3) 36.4 (5.9) 

General biochemical variables 

Total Cholesterol (mg/dL) 183.0 (37.1) 200.8 (37.9) 193.7 (38.6) 198.4 (36.9) 194.8 (38.5) 198.7 (34.6) 

TG (mg/dL) 86.8 (33.0) 151.3 (73.9) 130.7 (67.6) 149.8 (92.2) 138.0 (78.7) 128.7 (60.7) 

Glucose (mg/dL) 98.6 (13.0) 109.5 (32.6) 105.1 (17.1) 113.8 (45.3) 107.3 (29.8) 113.7 (31.3) 

Insulin (mU/L) 14.3 (8.7) 20.3 (11.5) 17.6 (10.7) 21.6 (12.7) 18.6 (11.8) 21.5 (9.1) 

HOMA-IR 2.0 (0.9) 5.5 (4.8) 4.7 (3.6) 6.6 (6.4) 5.2 (4.9) 6.2 (3.2) 

HOMA-β 3.3 (1.5) 6.9 (3.7) 6.4 (3.4) 7.5 (4.2) 6.7 (3.8) 7.4 (3.1) 

Liver markers 

ALT (U/L) 26.8 (16.7) 35.5 (17.3) 23.8 (7.1) 54.1 (16.8) 29.7 (12.4) 67.5 (22.3) 

AST (U/L) 21.6 (6.2) 25.6 (10.0) 20.7 (5.1) 33.6 (11.4) 22.4 (5.7) 45.5 (12.4) 

GGT (U/L) 23.1 (11.3) 41.8 (25.0) 31.4 (23.1) 49.6 (26.9) 35.4 (23.9) 53.3 (35.0) 

FLI (arbitrary units) 68.4 (18.2) 84.4 (14.5) 78.1 (18.0) 83.5 (17.7) 79.9 (18.0) 80.3 (18.8) 

RBP-4 (mg/l) 35.8 (12.5) 36.4 (10.0) 35.7 (9.7) 37.7 (10.8) 36.0 (9.6) 39.5 (13.2) 

CRP (mg/dl) 0.6 (0.7) 0.5 (1.2) 0.5 (1.4) 0.4 (0.6) 0.5 (1.2) 0.5 (0.1) 

FGF21 (pg/ml) 187.0 (148.5) 280.2 (231.4) 253.3 (223.1) 318.5 (234.8) 254.6 (215.5) 438.1 (268.5) 

TyG ratio 0.8 (0.5) 1.3 (0.6) 1.2 (0.6) 1.3 (0.7) 1.3 (0.7) 1.1 (0.4) 
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Table 4. Linear regression analyses among MRI technique. 

% Liver fat contentn (127) β-coefficient p-value 

Sex 1.836 0.217 

Age (years) -0.013 0.853 

ALT (U/L) 0.233 <0.001 

HOMA-IR 0.836 <0.001 

RBP-4 (mg/l) 0.157 0.026 

Pmodel         <0.001 

R2-adjusted           0.409 

Statistically significant different data are in bold type. p<0.05 was considered statistically 

significance. ALT, Alanine-aminotransferase; HOMA-IR, homeostatic model assessment of 

insulin resistance. RBP-4, Retinol binding protein 4. 
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Figure 1. Association between MRI (% liver content) with inflammatory and insulin biomarkers. p<0.05 was considered statistically significant. RBP-4, 

retinol binding protein 4. CRP, c-reactive protein. FGF21, Fibroblast growth factor 21. TyG, triglycerides/ glucose ratio. HOMA-IR: homeostatic model 

assessment insulin resistance. HOMA-β: homeostatic model assessment β. 
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Figure 2. Receivers Operating Curves between Magnetic Resonance Imaging (MRI) 

technique with A: Grades of steatosis (Ultrasonography); B: Metabolomics (OWLiver 

Care) C: Fatty Liver Index (FLI) and D:  Alanine-amino transferase, E: Aspartate-amino 

transferase; F: homeostatic model assessment of insulin resistance and retinol binding 

protein and Alanine-transaminase. 
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1. Justification of the study 

 

NAFLD is currently the most common cause of liver disease in the Western world, 

affecting up to 20-30% of the general adult population (Dietrich et al., 2014; 

Mohlenberg et al., 2018). This disease is a growing public health problem, because of 

the increasing prevalence of the pathologies that contribute to its development such as 

obesity and inflammation status (Kyrou et al., 2000). 

The diagnostic method of choice for NAFLD is a liver biopsy, but since it is a long-

standing disease, it is difficult to follow large population groups through serial biopsies. 

In most cases, the diagnosis is made when there is already a severe liver alteration or 

presence of cirrhosis (Sumida et al., 2014). Published data resports that between 5-10% 

of adults with NAFLD develop NASH in their clinical progression, of which 10-20% 

develops fibrosis, and less than 5% suffer from cirrhosis (Dietrich et al., 2014). 

Therefore, it is necessary to identify methodologies of liver damage that facilitate early 

diagnosis of the disease to allow establishing the stablishment of a follow-up protocol 

that prevents progression to severe stages of NAFLD.  

Beneficial effects have been observed with drugs that sensitize the action of insulin, 

antioxidants and anti-inflammatories. However, the main therapeutic basis is the 

modification of lifestyle through diet and exercise. Previous studies have found no 

pharmacological treatments have been significantly effective (Oseini et al., 2017). 

Currently, the main focus is to being paid to design nutritional dietary strategies, 

characterized for a healthy dietary pattern, including potential antioxidant and anti-

inflammatory compounds (Salomone et al., 2016). However, a great lack of knowledge 

regarding the bioavailability, dosage and possible adverse effects remains unclear (Van 

De Wier et al, 2017). 
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2. Obesity, inflammation, metabolic syndrome and non-

alcoholic fatty liver disease 

 

Obesity rates are increasing in developed and developing countries becoming a 

worldwide epidemic (An et al., 2018). If the prevalence of obesity continues to grow at 

this rate, the global figures of obesity will be 18% in men and 21% in women by 2025 

(Toplak et al., 2016). In addition, it is well-known that obesity is commonly 

accompanied by different comorbidities such as T2DM, hypertension, dyslipidemia, 

CVD, NAFLD among others disease (Kyrou et al., 2000). The prevalence of non-

alcoholic fatty liver disease (NAFLD) is rising due to its direct correlation with the 

obesity epidemic. Therefore, it is one of the most important chronic liver diseases 

worldwide (Ahmed et al., 2015). NAFLD is considered a frequent component 

encompassing MetS, which is closely related with inflammatory processes (Loomba et 

al., 2012). The mechanisms which underly the progression of this disease are still 

largely unknown. Althought, a number of studies have identified the diverse 

multifactorial determinants and causal interactions with genetic factors, oxidative stress, 

hormones secreted from the adipose tissue and systemic inflammation as well as 

unbalanced nutrition and unhealthy lifestyles with NAFLD (Moschen et al., 2010; Sung 

et al., 2018). Obesity has been evidenced in the development of MetS including insulin 

resistance and T2DM, and a varied non-cancerous liver disease, such as NAFLD and 

NASH (Diehl et al., 2010). In addition, it is known that some “benign obesity” without 

MetS does not seems to play a determining role in NAFLD, suggesting that only obesity 

with a metabolic disorder could be the major cause of fatty liver disease (Tarantino et 

al., 2009). The accumulation of fat due to malnutrition, and genetic factors among 

others generate liver dysfunction with the consequent lipid accumulation in hepatocytes, 

leading to the progression of the pathology (Eriksson et al., 1986). However some 

studies have evidenced that this process may be reversible at early stages through 
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weight loss and exercise (Starley et al., 2010). A meta-analysis from Li et al. 2016 

evaluated 381.655 participants reported a dependent association between BMI and 

NAFLD risk (Li et al., 2016). In addition, obesity is linked with inflammation and 

insulin resistance. Thus, it is proposed that obesity is associated with metabolic 

alterations, which can further lead to NAFLD (Horvath et al., 2014). Chronic 

inflammation generated by fat accumulation in obese subjects van also contribute to the 

development of NAFLD (Tilg et al., 2016), as well as inflammatory hepatokines, 

immunomodulatory mediators released by β-cells  which can modulate the hepatocyte 

necrosis, steatosis and liver fibrosis in NAFLD (Tilg et al., 2016). Furthermore, another 

study showed that lean subjects with NAFLD have higher risk for hyperlipidemia, 

hypertension, diabetes and MetS than normal-weight individuals. Thus, obesity is not 

only strong link with NAFLD, but other metabolic syndrome features seem to have a 

significant association (Feng et al., 2014). Finally, obesity and related comorbidities 

such as NAFLD are a major health concern, which need new approaches to understand 

the MetS (Goni et al., 2015), as well as the need for a new design of dietary strategies, 

prevention and precision management for obesity co-morbidietes are required (Conlon 

et al., 2013). 

3. Dietary assessment and non-alcoholic fatty liver disease 

 

Epidemiological studies have proved that nutritional intake affects NAFLD (Winn et al., 

2018). The evidence based on the dietary recommendations remains unclear, butthe 

strategies aimed to reduce the risk of diabetes and cardiovascular pathologies are also 

applicable to NAFLD (Conlon et al., 2013). The AASLD estimates that a loss of ≥3–5% 

of body weight appears to improve steatosis, but a greater weight loss (> 10%) may be 

needed to improve necroinflammation (Chalasani et al., 2012). Furthermore, there is 

growing evidence that the quantity and quality of the macronutrients influences in the 
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development of NAFLD as well as the distribution (Hashemi et al., 2014). For this 

reason in the RESMENA study, we proposed two dietary patterns: one based on the 

AHA diet (55% carbohydrates; 15% protein and 30% lipids), and the other based on the 

RESMENA diet (40% carbohydrates; 30% protein and 30% lipids). This is an 

experimental diet based on: Mediterranean pattern, high antioxidant capacity and a low 

glycaemic index, taking into account the quality of the macronutrients and 

micronutrients with a maximum of 7 meal frequencies.  

Both dietary patterns had the same energy restriction (-30%). Interestingly, RESMENA 

and AHA diets demonstrated equally beneficial metabolic effects in participants with 

MetS. Considering the RESMENA trial, the transversals studies (PREDIMED and 

FLiO), the population with obesity and the high risk of CVD and with the ultrasound 

confirmation of NAFLD, respectively, healthy dietary patterns, weight loss and liver 

status were assessed. Thus, a higher pro-inflammatory diet was observed in participants 

with a higher BMI, suggesting that diet-induced inflammation may increase or maintain 

obesity, particularly central obesity, in an overweight or obese population with high WC 

values. Although, inflammation can be induced by adiposity (Gregor et al., 2011; 

Hermsdorff et al., 2011) but the relationship can also be bidirectional. Thus, a pro-

inflammatory diet can increase obesity and accompanying comorbidities in liver, 

triggering a continuous cycle. These findings support the idea that an overall dietary 

pattern can play an essential role in the metabolism of the inflammation process (Xu et 

al., 2015). Remarkably, a previous ancillary study carried out within of the PREDIMED 

trial found that the DII was inversely associated with the adherence to a MeDiet and 

healthy food consumption (Ruiz-Canela et al, 2015). Other trials have found evidence 

which correlates specific nutrients such as total dietary fiber intake (Ma et al., 2006), 

vitamin E and C intake (Ashor et al., 2015) and antioxidants with lower levels of 

inflammatory markers (Lopez-Legarrea et al., 2014). Furthermore, one analysis reported 
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the anti-inflammatory capacity of the MeDiet (Chrysohoou et al., 2004; Hermsdorff et 

al., 2009; Casas et al., 2014). Moreover, a number of trials have reported an association 

between specific dietary anti-inflammatory components and a better liver status, 

suggesting that the prevalence or incidence of NAFLD might be mediated through 

different inflammatory pathways where food can play a key role, but not alone. Thus, 

the EPIC-cohort study suggests that an elevated consumption of dairy products, 

specifically milk and cheese, can be associated with an increase in liver diseases 

(Duarte-Salles et al., 2014). In contrast, another study reported that three low-fat-dairy 

servings per day can ameliorate both inflammation and liver function in MetS subjects 

(Duarte-Salles et al., 2014). In addition, the consumption of cereals and potatoes 

showed a positive correlation with FLI, which contrasts with the study of Shi L et al., 

2012 where authors found that people suffering from NAFLD consumed a lower 

quantity of potatoes and cereals compared to the control group (Shi et al., 2012). Taking 

these results into account, a higher consumption of all antioxidants, flavonoids, healthy 

fatty acids were inversely related with FLI. These results are consistent with a recent 

review, which found that flavonoids and antioxidant components have beneficial effects 

in patients suffering from NAFLD (Akhlaghi et al., 2016). In similar investigations, it 

has been discovered that fiber could play an important role in obesity and related 

disease such as insulin resistance and liver diseases (Musso et al., 2003; Du et al., 

2010). Several investigations have found inverse relationships between dietary fiber and 

weight gain (Chrysohoou et al., 2004; Koh-Banerjee et al., 2004; Hermsdorff et al., 

2011). However, to our knowledge this is the first study evaluating the association 

between types of fiber and liver status in subjects with obesity and MetS following an 

energy-restricted diet. In order to discover more about the relationship between fiber 

consumption and liver markers, subjects were classified according to the median value 

of different types of fiber consumption (total fiber, soluble, insoluble and fiber from 
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fruits and cereal). All hepatic damage markers were lower in those individuals who had 

a higher fiber intake (P≥50). In this context, Raitzu et al, 2011 suggested that 

consuming diets higher in fiber could have a preventive role in hepatic disease 

(Romero-Gomez et al., 2017). Fiber has components which are not classified as 

essential nutrients but could be an important mediator in human health. In fact, a pilot 

study of 7 patients with NASH, reported a significant decrease in AST levels compared 

to a placebo after 8 weeks of supplementation with oligofructose at 16 g/d (Daubioul et 

al., 2005). Soluble fiber can be swollen or dissolve in water and they also resist 

gastrointestinal enzymatic digestion and could pass the small intestine to reach the 

colon. Thus, soluble fiber is more easily fermented by microbiota (Sookoian et al., 

2017). This explanation suggests that both soluble and insoluble fibers could have 

different roles in gastrointestinal health (Meex et al., 2017). Western-style diet pattern is 

typically characterized by high intake of saturated fatty acids (SFAs) with low amounts 

of n-3 polyunsaturated fatty acids (PUFAs) and monounsaturated fatty acids (MUFAs). 

High amounts of SFAs and low amounts of n-3 PUFA consumption are associated with 

oxidative stress, which is considered as a critical pathological factor for the 

development and progression of NASH (Dietrich et al., 2014). In contrast, the 

medietarrean dietary pattern is rich in n-3 PUFAs and MUFAs which may play an 

important role in preventment and treatment NAFLD (Lichtenstein et al., 2006). 

Although, there is still insufficient evidence to provide recommendations on protein 

intake specific for NAFLD. Future research including randomized intervention studies 

are needed to further investigate the specific effects of defined lipids, carbohydrates and 

proteins in diets affecting the development and progression of NAFLD. In addition our 

results suggest that weight loss plays an important role (restriction -30%) in the 

improvements of body composition, biochemical and non-invasive liver status in obese 

individuals with MS features after 6-months of follow up. Both nutritional treatments 

https://www.sciencedirect.com/topics/medicine-and-dentistry/saturated-fatty-acids
https://www.sciencedirect.com/topics/medicine-and-dentistry/polyunsaturated-fatty-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/monounsaturated-fatty-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/oxidative-stress
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significantly reduced the BMI, CI, WC, total and android fat mass, as well as MetS after 

6 months of nutritional intervention. Likewise, the cardiometabolic risk factors 

(TG/glucose ratio (TyG index), waist-to-height ratio, % diabetes, % hypertension) 

showed significant reductions. In relation to liver health, a significant decrease was 

observed in ALT, GGT, and CK-18 levels as well as NAFLD_LF score, FLI, HSI, VAI 

and BAAT scores with both dietary strategies (AHA and RESMENA) after 6 months of 

follow-up. Contrarily, the AST values found a significant reduction in the RESMENA 

group. Also, fragments of M65 only obtained significant improvements in the AHA 

group. In addition, the BARD score did not show relevant improvements either dietary 

group. It is important to note that the changes (baseline vs. 6 months) in the reported 

variables were not different between dietary strategies. Thus, both dietary strategies 

were equally effective regarding liver status. Consequently, the investigations based on 

both previous dietary groups were merged for the analysis of fiber consumption because 

they produced similar outcomes for all relevant variables and markers. Taking into 

account all of the above, a well-designed hypocaloric nutritional strategies based on a 

Mediterranean and anti-inflammatory pattern as well as with specific components for 

the improvements in liver disease should be further investigated in order to create valid 

diets to counteract obesity and their co-morbidities. 

 

4. Liver markers, indexes and scores in prediction of non-

alcoholic fatty liver disease 

 

Current research has focused on identifying biomarkers to predict NASH or NAFLD 

(Nguyen et al., 2011; Sahebkar et al., 2018). In this context, Bedogni et al. 2008 

designed a simple scoring system named FLI which includes TG, GGT, BMI, and WC 

values, and can be easily calculated. FLI was developed for the prediction of fatty liver 

disease (AUC= 0.84) (Bedogni et al., 2006). The accuracy of FLI in comparison with 
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the ultrasonography method for detection and quantification of hepatic steatosis has 

been validated in several countries (Bedogni et al., 2006). Furthermore, previous studies 

have (McPherson et al., 2010; Dai et al., 2016; Malek-Hosseini et al., 2016) 

demonstrated and validated other non-invasive markers of liver status that were used in 

this investigayion (CK18-fragments, HSI, VAI, BARD and BAAT score, 

NAFLD_LFS) in addition to GGT and transaminases. By employing these non-invasive 

biomarkers and scores to assess liver status, we found that energy-restriction within 

AHA and RESMENA dietary patterns produces similar and significant beneficial 

effects on liver status. The BARD score did not indicate improvements after either of 

the nutritional interventions, which might be due to the fact that the BARD score is used 

to exclude advanced fibrosis in NAFLD, and other authors have noted that its sensitivity 

is low (McPherson et al., 2010 ). CK18 is a widely investigated biomarkers and one of 

the most promising non-invasive parameter for the diagnosis of NAFLD, mainly in 

severe stages (Festi et al., 2013). Compared with the widely used apoptosis marker 

(M30-fragment), the M65-fragment, which measures the total cell death is mainly used 

for diagnostic performance and is differentiated between lower fibrosis stages as well as 

between healthy individuals and patients with simple steatosis. Several biomarkers have 

been under evaluated for the diagnosis of NASH such as TNF-α, IL6, FGF-21, PAI-I, 

CRP among other, although, only some of them have been validated (Shen et al., 2012). 

Furthermore, a specific diagnosis between simple steatosis and NASH is not possible 

(Joka et al., 2012). Probably, it is likely due to the serum levels of these markers not 

being able to reflect exclusively from the inflammatory activity in the liver and other 

organs which could be an affect by MetS. Previous studies have hypothesized FFGF-21 

to be a potential biomarker of the inflammation associated with liver diseases, which is 

also receiving high attention for its translational potential concerning the management 

of obesity and co-morbidities. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/apoptosis
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In this study, FGF-21 was associated with markers of cell apoptosis (M30) and 

transaminases. This marker has been shown as an independent predictor of NAFLD and 

inflammatory processes in humans. (Morris-Stiff et al., 2010; Yilmaz et al., 2010Li et 

al., 2013a; Lebensztejn et al., 2016). Concurrently, another study (Li et al., 2010) found 

evidence that FGF-21 was associated with hs-CRP, which were significantly elevated in 

patients with NAFLD and diabetes. Several authors have demonstrated the relationship 

of insulin resistance and, diabetes with FGF-21, as it occurred in our analysis (Lu et al., 

2015). In other words, FGF-21 has been related to the processes of inflammation in 

NAFLD (Qin et al., 2015). Secondly, concerning serum M30 fragment, a study from 

Kawanaka M. et al., (2015) concluded that CK-18 (M30 fragment) levels predict NASH 

values, which correlate with histological studies. These investigations highlight that in 

addition to the progression of the disease, inflammation related measurements are good 

indicators of the improvements of the disease (Kawanaka et al., 2015). However, other 

study suggests that CK-18 (M30 fragment) is only specific for NAFLD, without 

inflammation, and propose to combine this biomarker with a diagnostic panel with other 

biomarkers or clinical laboratory tests (Cusi et al., 2014). Additionally, PAI-I 

metabolism is still scarce, although some other studies have suggested that these 

cytokines could have a later effect in obese state (Heilbronn et al., 2013). Contrarywise, 

in our study PAI-I was found to have a significant reduction at the end of the 

intervention as well as PAI-I revealing positive and significant associations with M30 

fragment, GGT and FGF-21. Concerning the regression analysis, it was found that 

adjusting by changes in weight loss, the inflammatory markers remained affected. This 

finding could indicate that the FGF-21 is sensitive to nutritional stress regardless of 

weight lowering as another author has demonstrated (Crujeiras et al., 2017), but also, 

that the mechanism of inflammation can be independent of weight loss. In addition, as 

circulating lipids play an important role in obesity and MetS manifestations, current 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawanaka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26436355
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research is focused on quantitative plasma lipid profiling in obesity and subsequent 

weight loss (Barber et al., 2012). This study investigated plasma lipid changes following 

a 6-month dietary intervention with two energy-restricted diets containing a different 

distribution. Targeted LC-MS lipid profiling used in the present study proved to be a 

useful approach to identify major differences in plasma lipids after a long-term dietary 

intervention (Del Bas et al., 2016). Most of the markers identified were lipid species, 

primarily glycerophospholipids, such as phosphatidylcholines and a LPC score. In this 

context, LP were significantly reduced after weight loss and the p-values were adjusted 

by LP values at baseline, some p-values lost significance, but in all cases statistical 

trends were obtained. Therefore, LPC14:0, LPC15:0, LPC16:1, LPC18:4 and LPC20:4 

proved a significant reduction, possibly due to the effect of weight loss (Barber et al., 

2012). The literature to date remains inconsistent with respect to the relation between 

weight loss in obese individuals and circulating LP concentrations. In this study,, an 

association between LPC16:4, LPC18:4 and FLI was found, after adjusting the 

percentage weight loss. This suggest the important role of weight lowering on managing 

liver disease in well-designed nutritional interventions. We cannot ascertain if the 

reduction of LP is due only to the weight loss or if another component of the diet could 

have caused an effect.. In another study of diet-induced weight loss in obese 

individuals, a reduction of serum LPC and triacyclglycerols, predominantly short chain 

fatty acids, was observed, while other lipid classes such as sphingolipids and LPC 

remained unaffected by weight loss (Del Bas et al., 2016). Contrarrily, our study 

showed a global reduction of total LP after weight loss. The total LP value may have 

been significant due to the effect of the choline group, which was not obtained for LPI 

and LPE. In agreement with our results, a human study concerning lipidomic profiling 

revealed a generalized decrease in circulating LPC species after weight loss in the obese 

state. Furthermore, these authors identified LPC subjects (LPC16:0, LPC18:0 among 
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others) as potential markers for obesity through profiling of plasma (Heimerl et al., 

2014). Another study (Heimerl et al., 2014) found that LPC levels decreased 

significantly in obese subjects both before and after weight loss. This outcome was 

attributed to lower plasma levels of nearly all LPC species, particularly LPC 16∶0, 18∶0, 

18∶1 and 18∶2. Also, Barber et al. 2012 reported a decrease in plasma concentrations of 

the total LPC, LPC 15∶0, 18∶0, 18∶1, 18∶2 and 20∶4 in states of obesity and MetS 

(Barber et al., 2012). 

A different trend was observed for most LPC species which were analyzed in other 

studies. A study on acquired obesity in monozygotic twins revealed an association of 

obesity with increased LPC levels, while other phospholipids were found to decrease 

(Pietilainen et al., 2007). Similarly, Graessler et al. compared the plasma lipidome of 

men with BMI>27.5 kg/m2 relative to the AHA diet group of men with BMI <27.5 

kg/m2 and found a positive association between LPC species and higher BMI levels. 

However, in this trial significant differences were only detected for LPC 16∶0 (Graessler 

et al., 2009). Finally, it is important that a well-recognized healthy dietary pattern (AHA 

and RESMENA) under enery restriction should be considered of reasonable importance 

for precision nutrition as well as a role of LPC and other components of the diet to 

understand fatty liver mechanisms, following weight loss intervention in obese subjects 

with different degrees of liver disease. 

 

5. Diagnosis of non-alcoholic fatty liver disease 

The diagnosis of NAFLD is currently obtained through the practice of a liver biopsy. 

However, this process is an invasive method with significant risks and high costs, and 

furthermore is not devoid of error (Martinez et al., 2011). For this reason, other non-

invasive methods are being investigated, whether serological or radiological, that could 

allow to make the diagnosis of NAFLD simple and more informative (Nguyen et al., 
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2011). In addition, an association between NAFLD and inflammation is found in our 

results and in previous investigations, since these markers could have an important role 

through NAFLD (Hamirani et al., 2014; Chen et al., 2017). MRI scans, 

ultrasonography, elastography and metabolomics methods reveal a trend to increase 

with general anthropometric and body composition measurements. All these alternative 

method suggest a differential impact of body weight and liver status assessed by 

different diagnostic strategies (Pugh et al., 2014). The metabolomic approach was more 

sensitive concerning lipid determinants. Again, it can be concluded that the techniques 

assessed found some differences in the information reported, which can be partially 

explained due to the cut-off points being arbitrary (Hannah et al., 2016). The diverse 

investigations have reported differences concerning liver fat content and stiffness with 

functional knowledge provided by the FLI and the metabolomic profile. It is well 

known that MRI scans can be used for accurate quantification of hepatic steatosis 

(Idilman et al., 2016). This technique is highly accurate, reliable, and sensitive to 

changes in NAFLD degrees, which is able to quantify lipid fat content, while other non-

invasive (ultrasonography and liver stiffness) assessment techniques (Dulai et al., 2016) 

are less precise. The ultrasonography is widely used in the diagnosis of the hepatic 

steatosis due to the fat accumulation increasing the echogenicity of the liver (Lee et al., 

2014). This technique is used when NAFLD is already suspected. The principal 

problem is that if this also effects fibrosis the diagnosis is often confused (Webb et al., 

2009), being imprecise for mild steatosis diagnosis. Furthermore, our results suggest 

that most of the anthropometric and body composition determinants, biochemical 

measurements and liver markers discriminate relatively well between 1 or 2 and 3 

grades of steatosis. Conversely, liver stiffness measured by Fibro Scan was evaluated, 

where low frequency waves are sent to the liver and then transmitted to an 

ultrasonography receiver. This approach presents some disadvantages. First, there is no 
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consensus and validation about the cut-off to distinguish between high or low stiffness 

(Colli et al., 2016) and it is not able to detect liver fat unlike the ultrasonography and 

MRI scans (Orlacchio et al., 2012). The speed of propagation measured in the liver 

gives the resulting liver stiffness (Kpa) value (Hashemi et al., 2016). In addition, the 

BMI of the participant, the insulin resistances and the FLI are relevant for this technique 

(Herrero et al., 2014; Huh et al., 2017). In fact, insulin resistance is one of the key 

factors implicated in the development and progression of NAFLD, where the hepatic 

lipogenesis is elevated, and the inhibition of adipose tissue lipolysis is reduced, 

consequently the flow of FA increased (Tilg et al., 2017). In addition, it causes a 

dysfunction in the adipose tissue, generating an increase of different adipokines and 

cytokines (Byrne et al., 2015; Meex et al., 2017). Therefore, the prevalence of NAFLD 

in subjects with T2DM has been demonstrated in ≥ 70% of individuals (Loomba et al, 

2012). Regarding the metabolomic approach, OWLiver Care is a novel metabolomic 

test based on a panel of 11 TG, which has been validated with 467 biopsis among adults 

(Bril et al., 2018). However the same authors concluded that this model can be affected 

in individuals with T2DM (Bril et al., 2018) or insulin resistance, which is very frequent 

in subjects with NAFLD (Asrih et al., 2015). Nevertheless, this technique was able to 

discriminate specifically between the expected TG and total cholesterol, insulin 

resistance variables and some of the liver markers. The FLI,  which is based on an easy 

calculation found accurate evidence of an area under the curve of 0.84, for NAFLD 

determination, where accuracy has been validated in comparison with liver 

ultrasonography (Bedogni et al., 2006), although it is a technique which is unable to 

calculate the capacity for quantifying the hepatic fat content or stiffness (Pugh et al., 

2014). Transaminases values (ALT and AST) present very controversial results. Several 

authors have found that ALT or AST can be predictors of NAFLD, but in other research 

no associations were found (Verma et al., 2013; Purcell et al., 2013). Finally, it seems 
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clear that MRI results are more often considered the gold standard method in the 

absence of liver biopsy (Karlas et al., 2014), which is consistant with the various data 

collected from the participants including gender, age, ALT, RBP-4 and HOMA-IR. 

Therefore, when all the variables were considered, up to 40.9% of the prediction value 

of the model was explained. Thus, our results indicate that the assessment of liver status 

through different approaches provides different visions concerning hepatic status in 

NAFLD subjects, since some of them are related with body composition (WC and FLI), 

while other are related with hepatic enzymes. Concerning the ROC curves, which allow 

the comparison of the ultrasonography, metabolomic OWLiver, ALT, AST and FLI 

ressutls as well as the combination panel, they were also able to be compared with the 

MRI results as the reference. All results were statistically significant but, again the 

ultrasonography, metabolomics and combination panel showed the best predictions 

(ROC-AUC: 0.711; ROC-AUC: 0.746 and ROC-AUC: 0.773 respectively). The 

techniques that have major power of prediction were ultrasonography and OWLiver 

coinciding with those techniques that were more discriminative of the metabolic factors 

as previously described (Lee et al., 2014; Erkan et al., 2014). Likewise, the combination 

of ALT, HOMA-IR and RBP-4 were found to allow the most precise prediction with 

and accuracy of 77.3%. The design of different predictive models for NAFLD through 

blood biomarkers or non-invasive imaging tests have many advantages, as well as some 

disadvantages and limited utility in comparison with liver biopsy. In other words, the 

utility of non-invasive liver markers to avoid the liver biopsy needs further investigation 

and consensus (Coban et al., 2015; Hashemi et al., 2016). 

6. Strengths and limitations 

 

There are various considerations to mention in this research. First, the present work 

analyzed three different populations, however only one of them has been appropriately 
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diagnosed of NAFLD (FLiO study). Secondly, this trial involved two transversal studies 

(PREDIMED and FLiO) and one randomized controlled trial (RESMENA), which 

considered a reference control diet during 6-month period to be compared with the 

experimental diet, being necessary for long-term studies to corroborate the obtained 

findings. This work includes two transversal designs, which can not identify causal 

conclusions and only can analyze association studies; however, these studies are 

remarkably similar to those from Randomized Control trials on the same topic (Concato 

et al., 2000). Thirdly, dietary assessment was obtained through self-reported validated 

questionnaire, which could hide their real food consumption. Fourthly, the sample size 

is adequate, but in order to evaluate imaging techniques and non-invasive liver markers 

to establish prediction results, a larger sample size is required. In addition, participants 

lived in a Mediterranean country, which may partly limit the generalizability of our 

findings to different settings. On the other hand, there are various strengths to mention 

in this research. First, the design of the current trial is based on validated non-invasive 

and affordable markers, which makes them an optimal form of diagnosis in clinical 

practice. Second, the fact that every dietary pattern has been personally designed for 

each patient, taking into account sex, height, initial body weight, and physical activity, 

should also be highlighted. Third, it is important to point out that a well-recognized 

healthy dietary pattern (AHA) was used as a reference, which demonstrates that the 

positive results obtained with the RESMENA diet are of great significance. 

 

7. Corollary 

Altogether the results presented in this investigation clearly show that a healthy 

hypocaloric dietary pattern based on MeDiet, particularly rich in specific components 

such as fiber and low DII modulate the susceptibility and/or the recovery of NAFLD 

and its related metabolic disorders such as obesity and insulin resistance. Thus, we 
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observed that a higher DII and lower adherence to the MeDiet was associated with a 

higher degree of liver damage in obese subjects. Furtheremore, the DII was positively 

associated with relevant non-invasive liver markers. Interestingly, a positive correlation 

was observed between liver damage, nutrients and foods linked to a pro-inflammatory 

dietary pattern. Furthermore, we showed that energy restriction within healthy dietary 

patterns and with different macronutrient distribution produced similar and significant 

improvements on body composition, nutritional composition and liver status. In the 

present work energy restriction was a key factor involved in the improvement of liver 

health. However, other dietary components were also implicated in the management of 

steatosis. Thus, the consumption of insoluble fiber and fiber from fruits specifically 

improved liver health status in obese subjects under energy restrictions. Concurrently a 

liver biopsy is the gold standard for the diagnosis of NAFLD. However, this is an 

expensive and invasive procedure, which could lead to several clinical complications 

and it is not appropriate for a follow-up in long-term interventional studies. For this 

reason reliable non-invasive methods are required and investigations are focusing on the 

development of valid non-invasive tools. In this context, blood biomarkers such as LP 

and FGF-21 which has been related in other investigations with fatty liver, insulin 

resistance and obesity were analyzed in this work. The circulating levels of LP and 

FGF-21 revealed a decrease after weight loss and relationships with other non-invasive 

liver and inflammatory biomarkers. Taking into account the non-invasive techniques for 

liver assessment, MRI scans, allow the quantification of the liver fat content with a 

good accuracy, which is considered as the reference method. In this sense, we evaluated 

other non-invasive tools and compared with MRI analyses. The findings found that 

ultrasounds, a specific lipidomic test and a panel combination including routine blood 

markers linked to insulin resistance had the highest associations with the MRI results, 
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suggesting that these tools could contribute to the early diagnosis and prognosis of 

NAFLD. 
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1. Conclusions 

 

 

1. Participants with higher liver damage and adiposity (BMI ≥ 30kg/m2) were found to 

have a pro-inflammatory dietary pattern and worse adherence to the MeDiet. In 

addition, the Dietary Inflammatory score (DII) was positively associated with some 

non-invasive liver damage markers as FLI, ALT, AST and GGT. These findings 

suggest that the consumption of an anti-inflammatory dietary pattern might 

contribute to the reduction of obesity and related co-morbidities, especially NAFLD 

through precise nutritional guidelines.  

2. An anti-inflammatory energy restricted dietary strategy based on the pattern of the 

MeDiet was an accurate complementary alternative to AHA for the treatment of 

obesity-related comorbidities. Participants with higher insoluble fiber consumption 

(≥7.5 g/d) showed improvements in FLI, HSI, NAFLD_LFS, while evidence from 

the GGT and transaminases results found significant improvement from the 

consumption of fruit fiber (≥8.8 g/d). The results found the design of dietary 

patterns based on the consumption of insoluble fiber and fiber from fruits in the 

context of energy restriction for the management of obese patients suffering from 

fatty liver disease.  

3. The lipidomic profile analyses revealed a generalized decrease in circulating 

lysophospholipids, particularly lysophosphatidylcholine, after a weight loss 

intervention in a population with metabolic syndrome features. Changes in fatty 

liver index, waist circumference and BAAT score revealed positive association with 

general changes in lysophosphatidylcholine score. The involvement of particular 

lysophospholipids in liver metabolism and obesity merits further attention, as some 

of these specific non-invasive liver markers were reduced independently of weight 

loss. 
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4. FGF-21 levels were modulated after an energy-restriction treatment in obese 

patients suffering from metabolic syndrome found a collective improvement in 

inflammation, hepatic damage and body composition. FGF-21 changes exhibited a 

significant association with non-invasive markers of liver inflammation, M30 

fragment and PAI-I, independently of weight loss. These findings suggest that FGF-

21 is involved in the obesity-inflammation-liver process.  

5. A combination panel formed of RBP-4, ALT and HOMA-IR followed by 

ultrasonography, ALT and metabolomic test showed the major predictive ability 

(77.3%, 74.6%, 74.3% and 71.1%, respectively) for liver fat content. These results 

can help to facilitate the diagnosis avoiding other invasive and expensive methods in 

order to provide advice in the management of non-alcoholic fatty liver disease in the 

early stages.   

General conclusion 

6. Healthy energy restricted dietary patterns based on the MeDiet, including specific 

nutritional components such as the type of fiber and considering a low dietary 

inflammatory index are effective strategies to be advised on the treatment of obesity 

and their comorbidities such as fatty liver disease. Despite of liver biopsies and 

magnetic resonace imaging scans being two reference methodologies for the 

diagnosis of NAFLD, other tools such as ulstrasound, lipidomic and non-invasive 

blood liver markers, FGF-21, LP, RBP-4 among others, deserve special attention for 

the management of non-alcoholic fatty liver disease. 
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