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Metabolic syndrome (MetS) is one of the most important medical problems around the world. Identification of patient´s singular characteristic could help to reduce the clinical impact and facilitate individualized management. This study aimed to categorize MetS patients using phenotypical and clinical variables habitually collected during health check-ups of individuals considered to have high cardiovascular risk. The selected markers to categorize MetS participants included anthropometric variables as well as clinical data, biochemical parameters and prescribed pharmacological treatment. An exploratory factor analysis was carried out with a subsequent hierarchical cluster analysis using the z-scores from factor analysis. The first step identified three different factors. The first was determined by hypercholesterolemia and associated treatments, the second factor exhibited glycemic disorders and accompanying treatments and the third factor was characterized by hepatic enzymes. Subsequently four clusters of patients were identified, where cluster 1 was characterized by glucose disorders and treatments, cluster 2 presented mild MetS, cluster 3 presented exacerbated levels of hepatic enzymes and cluster 4 highlighted cholesterol and its associated treatments Interestingly, the liver status related cluster was characterized by higher protein consumption and cluster 4 with low polyunsaturated fatty acid intake. This research emphasized the potential clinical relevance of hepatic impairments in addition to MetS traditional characterization for precision and personalized management of MetS patients.
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Introduction

A high Metabolic Syndrome (MetS) prevalence constitutes an important clinical and public health concern in most countries (1). Moreover, the number of MetS patients is envisaged to increase in the next years (2). Indeed, the estimations about the future rates of MetS is that this condition will rise in all age groups, being associated with diverse comorbidities that could often drive an early fatal outcome (1). MetS is characterized by the presence of abdominal obesity, insulin resistance, hypertension, and hyperlipidemia as has been recognized by different organizations and institutions (3). However, other health complications have been linked to MetS development. Thus, Non-alcoholic Fatty Liver Disease (NAFLD) is associated with type 2 diabetes, obesity, metabolic and cardiovascular disorders (4, 5). The early identification of MetS accompanying factors, as well as a prescription of personalized treatment, could help to monitor these diseases with precision and will contribute to better MetS management as well as to reduce the disease impact (6). Indeed, liver steatosis is the most common phenotype of chronic hepatic disease, being linked to insulin resistance and inflammation, whose clinical stratification is still pending for personalized prescription (7).

MetS is defined by high levels of fasting blood glucose (≥100 mg/dL), high levels of triglycerides (≥150 mg/dL), high levels of blood pressure (systolic ≥130 and/or diastolic ≥85 mm Hg), central obesity and reduced high-density lipoprotein (HDL)-cholesterol concentrations (<40 mg/dL in males; <50 mg/dL) in females) (6, 8). Furthermore, higher liver enzyme levels have been associated with MetS and could be used as early indicators of this disease (9). In addition, clinical findings of frailty in MetS are associated with poorer quality of life (QoL), which have been linked to the administration of different pharmacological treatments (10), as well as polymedication, and have been associated to a worse prognosis in myocardial infarctions, hospitalization, and death in the elderly population (11). Noteworthy, the physiopathology of NAFLD may involve diverse endocrine disorders that need to be understood as well as the specifical clinical or hormonal complications related to MetS and the role of nutrition in NAFLD prevention and management (12).

Nowadays, patients with MetS are currently prescribed with several pharmacological agents as well as advice with significant nutritional and lifestyle style recommendations (13). The most usual advice with such purpose has been mainly to increase physical activity and follow a healthy dietary pattern such as the Mediterranean Diet (MedDiet) or other similar balanced diets (14). However, MetS components are generally treated individually, and different grades of this disease are merely classified according to the number of fulfilled MetS criteria without considering other variables that could be involved in the onset and development of this condition. Thus, regular clinical management does not perform the required personalization or interindividual differential responses to each intervention (15), which should be encouraged in term of individualized medicine. In this context, proteins, fatty acids and antioxidants are recognized nutrients involved in MetS development and liver morbidity (16). Likewise, the management of MetS features may include the prescription of specific dietary recommendations such as low carbohydrate diet or low-fat diets, being fundamental a tailored advice for each patient situation (17) to exacerbate adverse clinical manifestation (18).

In this context, precision medicine has been described as a key strategy to provide better health advice and wellbeing (19). The identification and monitoring of different clusters of patient, with specific clinical features, could help in the prognosis and targeted management with individualized advice (20). Personalized medicine could not only improve the efficiency of medical advice, but may also be able to overcome the barriers that this type of medicine has in general practice (21). The integration of different “omics” and bioinformatic/statistical tools to analyze patients’ features will provide a wider picture of the specific health needs of each individual (22). Moreover, current endeavors of multiple scientific societies include the reclassification of groups of patients with common characteristics for a more precise, effective and faster treatment (23–25).

The aim of this study was the design of a classification of MetS patients with high cardiovascular risk considering clinical issues and pharmacological therapies, as well as biochemistry and anthropometric markers that can be easily collected in regular anamnesis in clinical practice with a diagnosis, prognosis and impact on personalized management. In addition, a comparison concerning nutrient intake depending on cluster between each group of patients.



Material and methods


Study population

The population sample studied in this cross-sectional research belongs to the PREDIMED-Plus trial (26), specifically subjects at high metabolic risk. This project is a controlled, randomized, multicenter (23 recruitment centers) clinical trial of 6 years of intervention plus 2 years of follow-up. The primary aim is to assess the effect of intensive intervention for weight loss based on an energy-restricted Mediterranean diet (er-MedDiet), physical activity and behavioral support (intervention group) to prevent major cardiovascular events in comparison with a control group following conventional primary care for prevention of cardiovascular disease. The full protocol, including recruitment strategy, randomization procedure and intervention has been previously reported and is available at http://predimedplus.com/ (26). This investigation has been approved by the Institutional Review Boards (IRBs) of all participating centers according to the ethical standards of the Declaration of Helsinki.

Participants are men (55-75 years) and women (60-75 years) with overweight/obesity (BMI 27-<40 Kg/m2) who met at least three MetS criteria (8). This trial was retrospectively registered at the International Standard Randomized Controlled Trial Registry with the number 89898870. The study sample included only basal data before administering any intervention to participants. Volunteers with missing values in the selected variables (Supplementary Table 1) were excluded, as well as patients with a deviation of the variable’s values 3 times more than the interquartile range. The final number of participants included in the analysis was 4163 participants (Figure 1).




Figure 1 | Flowchart of selection of studied sample.





Variable selection and categorization approach

A MetS Score has been estimated with the sum of the relative Z-scores of body mass index (BMI), HDL-cholesterol, triglycerides, systolic pressure and glucose levels according to the National Cholesterol Education Program’s Adult Treatment Panel III (ATP III)  (27). The adherence to an er-MedDiet was assessed with a validated specific screener designed for the PREDIMED-Plus intervention (28). The er-MedDiet score was calculated using the sum of positive answers obtained from the 17-item MEDAS questionnaire (28). The Neutrophil-lymphocytes Index (NLI) was calculated using the quotient between neutrophils and lymphocytes levels obtained in the hemogram (29).

The dietary intake assessment of participants was carried out using a validated semi-quantitative 143-item FFQ (30–32) able to reflect differences in dietary patterns and seasonal variability. Participants answered the average consumption of a commonly used portion size (e.g., glass, cup, slice) for each food or beverage item. Daily consumption for each food was calculated using the portion size multiplied by the frequency of consumption and then expressed as grams per day. This estimation was not possible for the fried foods item as the portion size is not specified in the FFQ. Mini-Mental State Examination (MMSE) test and Beck depression questionnaire were used as an outcome of differences between the group of patients (33–35).

A panel of variables was categorized to clustered MetS patients. The selected markers included anthropometric variables (waist-hip ratio and blood pressure), biochemistry variables (glucose, HDL-cholesterol, LDL-cholesterol, cholesterol, NLI and platelets), hepatic enzymes (Aspartate aminotransferase (AST), Alanine Aminotransferase (ALT), Gamma-glutamyl transferase (GGT)) and pharmacological treatments. The criteria followed for the selection of variables was the combination of well-established MetS criteria (anthropometric variables, glucose, total cholesterol, HDL-cholesterol and LDL-cholesterol) (8) with other markers that are commonly altered in the comorbidities associated with MetS. In this regard, platelets were selected due to their relationship with low degree inflammation (36). NLI has been described before as biomarker of inflammation in cardiovascular disease and this biomarker could have relevant importance in low grade inflammation (29, 37) while liver enzymes have been postulated as valuable indicators of MetS and cardiovascular disease (38). Finally, pharmacological treatments related to the well-established polymedication with worse MetS prognosis were accounted for (11). In this context, the distribution of variables was carried out following well-defined risk criteria (Supplementary Table 1). In addition, categorization of hypertension, glucose, LDL-cholesterol and total cholesterol was carried out using a combination of basal measurements of these parameters with specific medication for each morbidity (antihypertensives, metformin, statins and cholesterol medication) to discern non-controlled patients taking medication.



Statistical Procedures

Description of the population was made according to the MetS score calculated for each participant. MetS Score has been calculated with the sum of Z-scores of BMI, HDL-cholesterol, triglycerides, systolic pressure and glucose levels (MetS Score = ((HDL - mean HDL)/SD HDL) + ((BMI- mean BMI)/SD BMI) + ((TG- mean TG)/SD TG) + ((Diastolic BP-mean Diastolic BP)/SD Diastolic BP + ((Glucose-mean Glucose)/SD Glucose) (39). The population has been classified in Low MetS Score (score lower than the median) and High MetS Score (score higher than the median).

Participants were classified as low (score ≤ 4.97 MetS score) or high (> 4.97 MetS score). Statistical differences between groups were assessed by t-Student test, to determine the differences between patients with lower and higher MetS score, or analysis of variance (ANOVA) for quantitative variables, and chi-squared was implemented for categorical variables.



Exploratory factor analysis and clusterization

An stepwise exploratory factor analysis was carried out on the remaining variables to remove those with low adequacy, which was assessed with the Kaiser-Meyer-Olkin score and variables with an unacceptable score below 0.5 were discarded (40). Studied variables were selected by a stepwise exploratory factor analysis which allows the identification of latent variables and accounts for the distribution of each variable contributes to each factor among a large number of subjects. A final set of 17 variables was finally selected to perform the subsequent cluster analysis (Table 2). A factor analysis was performed to determine the number of factors that provide the higher Tucker Lewis Index of factoring reliability (> 0.8) and a RMSEA index (<0.05) that indicates a good fit to the data. Variables included in the final panel were those presenting a loading factor higher than 0.25, in absolute values. These variables were considered representative contributors to each latent variable estimated from the analysis. For each patient, a factor score was computed from the obtained factor of the final solution. Such scores were used to perform a hierarchical cluster analysis to discern different patterns of patients according to the weight that every latent variable has for each patient. Clustering analysis was performed using Ward’s hierarchical clustering method (41, 42). The cut point for the cluster identification was achieved using the “factoextra” R package function to determine and visualize the optimal number of clusters using different methods: within-cluster sums of squares, average silhouette and gap statistics (43) being gap statistics the optimal approximation. ANOVA between clusters was adjusted by age, sex and recruitment center, whereas qualitative variables were analyzed using Chi-Square test.

All the statistical analyses were performed using the R programming language (44) with the RStudio tool (45). The following R libraries were used to carry out all the statistical approaches: “Hmisc”, “psych”, “factoextra”, “ggplot2”, and “Table 1”.


Table 1 | Baseline characteristics of patients regarding MetS components.






Results


Baseline characteristics

The mean age of the sample was 65.2 years old (Table 1). Significant differences in all MetS components between high MetS and low MetS were found. Participants in the High MetS Score group showed significantly higher scores in the Beck Depression Questionnaire Score and lower scores in the Mini-Mental State Exam Questionaries (MMSE). However, no differences in adherence to an erMedDiet were found between groups, although participants with High MetS Score were less sedentary. There were no relevant differences in levels of LDL-cholesterol, uric acid, NLI and AST.



Factor scores: Association between selected variables

A factor analysis was carried out using a stepwise selection of variables that were relevant in MetS and variables that were easily collected during regular health check-ups (Supplementary Table 1). The factor analysis enabled to define three main factors (Table 2) with a Tucker Lewis Index of factoring reliability of 0.887 and a RMSEA index of 0.034. The first factor was characterized by the role of cholesterol and LDL-cholesterol treatments and serum levels; the second factor was associated with glucose metabolism impairments and accompanying treatments, and the third factor was driven by changes in hepatic enzymes.


Table 2 | Factor loading of pattern matrix.





Cluster analysis

Using the z-scores obtained in the Factor Analysis, a hierarchical cluster analysis was carried out to classify different groups of patients according to the loading factors of these variables. The cluster analysis allowed for the definition of four different clusters (Supplementary Figure 1 and Figure 2).




Figure 2 | Euclidean tree for patient's clusterization.



The analysis of factor loadings between each cluster (Table 2) revealed that cluster 1 is characterized by higher levels of factor 1 associated variables(cholesterol and LDL-cholesterol treatments and these biochemistry markers levels), cluster 2 did not present remarkable differences in any factor, cluster 3 presented higher levels concerning factor 3 associated variables (hepatic enzymes) and cluster 4 highlighted factor 3 variables (glucose metabolism disorders associated parameters).

Comparisons between the weight of the factors in each cluster (Figure 3) confirmed that factor 1 variables were highlighted in patients belonging to cluster 4 factor 2 variables are more relevant in cluster 1, variables of factor 3 have more importance in cluster 3, and patients of factor 2 all variables were prominent.




Figure 3 | Differences between cluster for each factor.



The analysis of patients’ characteristics (Table 3) revealed an unequal patient distribution, especially in clusters 1 and 3, where the number of patients that belong to these clusters (616 and 575 patients respectively) is half of the other two clusters. Regarding anthropometric and psychosocial measures between each cluster, differences in sex distribution showed that cluster 3 has a higher percentage of men while cluster 4 has a higher percentage of women.


Table 3 | Differences between clusters in anthropometric, psychosocial, biochemistry and disease prevalence parameters adjusted by sex, age and recruitment center.



Regarding anthropometric variables, the waist-hip ratio was significantly different between clusters whereas BMI did not present any statistical difference. Moreover, systolic blood pressure was also different between clusters whereas diastolic blood pressure was not. Biochemistry measurements showed important significant differences between clusters, except for uric acid. Beck questionnaire and Mini-Mental questionnaire scores did not evidence significant discrepancies; however, sedentarism levels were different in cluster 3. Finally, regarding to reported disease prevalence, patients in cluster 1 have a higher diabetes and dyslipidemia prevalence while reported hypertension is similar in the 4 clusters.

The analysis of the variables differentially representative in each cluster showed that in cluster 1, levels of glucose and glycosylated hemoglobin are higher compared to the rest of the clusters (Figure 4A). Additionally, cluster 3 presents also higher levels compared to cluster 2 and cluster 4. Moreover, values of NLI are elevated in cluster 1 compared to the other clusters. On the other hand, patients belonging to cluster 3 were characterized by alterations of transaminase levels, which are higher in comparison to the other clusters, while cluster 1 presented lower levels (Figure 4B). Cluster 4 highlighted that cholesterol levels (total cholesterol, HDL and LDL) were significantly higher than those found in the patients of the other clusters (Figure 4C).




Figure 4 | (A) Differences in glucose. Hba1c and NLI between clusters. (B) Differences in transaminases levels between clusters. (C) Differences in total cholesterol. HDL-cholesterol and LDL- cholesterol levels between clusters. Comparisons were carried out using a Student's t-test adjusted by the Bonferroni posthoc test. ***p<0.001 **p<0.01.



Additionally, we performed the last comparison between clusters regarding energy and nutrients intakes (Table 4). In this sense, significant differences in intake of protein, polyunsaturated fatty acids, linoleic acid, vitamin A and vitamin E were found among clusters.


Table 4 | Differences between clusters in energy and nutrient’s intake adjusted by sex, age and recruitment center.






Discussion

In this study, the clinical status of patients over 55 years old diagnosed with MetS was assessed and categorized to explore potential clusterized subgroups with potential precision management. We obtained that these patients could be categorized in 4 different clusters depending on the MetS profile and severity. For that purpose, a selection of 17 variables was performed which are easily accessible in a routine health check-up. While some of these variables are commonly used in MetS characterization such as waist circumference, blood pressure, glycemia levels or circulating HDL-cholesterol levels (8), other new variables were incorporated that have been demonstrated to be relevant in the context of this disease. Liver enzymes have been included to perform factor and cluster analysis because levels of ALT are positively correlated with MetS prevalence or with accompanying morbid components in a Korean adult population (46). Moreover, research conducted by Tsao Y. et al. (47) reported that higher levels of ALT and GGT are associated with higher risk of MetS in an indigenous population in Taiwan; furthermore, it has been described that the AST-ALT ratio can be used as a potential marker of MetS risk (48). Physical activity/condition and dietary habits were not included in the analyses due to not having enough statistical relevance in this model and they could be considered a cause or consequence of MetS alterations but, interestingly, a non-significant trend was observed to a higher score in the erMedDiet questionnaire in the population with high MetS. A reason for this inverse causality could be that people with worse health status received nutritional advice before the start of this study, considering that MedDiet is one of the first health interventions for this type of patient (49). Lastly, high levels of platelets are associated with inflammatory processes (50, 51). Considering it has been widely described that MetS produces a chronic low-grade systemic inflammation (52, 53), the monitorization of markers related to inflammation could be a great opportunity to carry out a precision management of MetS (54).

MetS is a condition that is more prevalent with the increase of age (55). Age-related diseases are also associated with poor quality of life that has, consequently, the necessity of pharmacological treatment for depression and physical pain, resulting in a frequent coexistence between MetS and depression or pain in this type of patient (56). This type of medication in MetS patients management is controversial and its use may produce other unwanted secondary effects due to the high number of interactions that these drugs elicit (57). Moreover, categorizing patients depending on their risk levels and the use of drugs allows for a better approach about how the patient’s complications are receiving a good pharmacological management of these alterations and it could be an easy tool to be used in clinical practice, saving time for the patients diagnose. For example, patients with resistant hypertension could have more risk of developing cardiovascular events, as well as being associated with hyperaldosteronism and obstructive sleep apnea (58). Moreover, irregular management of blood glucose levels and high percentages of glycosylated hemoglobin could produce an increase in cancer, mental and nervous system disorders, infections and liver disease (59), so a carefully prescribed pharmacological approach must be mandatory, especially in patients which show ineffective treatment, which may be supported by patients clusterization.

The performed cluster analysis showed that patients diagnosed with MetS (at least 3 of 5 of MetS criteria) could be subclassified into four groups according to other clinical manifestations. First, cluster 2 presents mildly adverse biochemistry parameters closer to normality than the other clusters, which could indicate that this specific group of patients, despite being diagnosed with MetS, are healthier than the others. However, these differences are not reflected in differences in BMI, blood pressure or the er-MedDiet score. This suggests that adherence to the Mediterranean diet, due to inverse causality, may not have an important effect in this classification of MetS profile, but could have an influence on the treatment of these patients.

Furthermore, the analysis showed the presence of two clusters that elicit more morbid manifestations. On one hand, cluster 1, which suggested a glucose metabolism impairment expressed as higher levels of glucose and glycosylated hemoglobin. The higher alterations in these measurements could suggest that this cluster of patients has more cardiometabolic disorders than the patients belonging to the other clusters (60). The clinical management of these patients must be more intense due to hyperglycemia has been associated with increased risk of dementia and mental disorders in the elderly population depending on the APOE genotype (61). Moreover, cluster 1 also presents a non-significant worse tendency in the Beck Depression questionnaire score and Mini-Mental questionnaire score, which could indicate that mood and quality of life alterations could be related to hyperglycemia. Cluster 1 is also marked by a high ratio of NLI. The increment of NLI levels has been described to be an early predictor of cardiovascular events (62), acute myocardial infarction in type-2 diabetes patients (63), or a marker of systemic inflammation (64). Thus, Surendar J. et al. (65) described in an Indian population (CURES-143) a direct and positive relation between MetS number of criteria and NLI score suggesting that NLI could be a great indicator of MetS severity and higher metabolic disorders. Moreover, in a Turkish population, such relationship has been also described (66). However, more studies are needed in Caucasian populations to confirm that these findings are not dependent of race.

In this sense, cluster 2 is clinically characterized by elevated cholesterol levels, which are a well-established indicator of MetS (8). Glucose and cholesterol disorders are usually related in MetS patients, but this analysis has shown that these patients could be discriminated regarding these alterations. A precision approach could be envisaged as a key point in the future management of MetS.

Finally, the current analysis raised a cluster (cluster 3) characterized by relevant impaired hepatic indicators. In addition to impaired glucose metabolism, cluster 3 presents an altered transaminases profile that could indicate a certain level of liver injury as is reflected in the FLI score. Elevated levels of transaminases with alterations in blood glucose levels are commonly associated with nonalcoholic fatty liver disease (NAFLD) (67) that could derive to liver fibrosis. These outcomes would suggest the presence of early steps of metabolic associated fatty liver disease (MAFLD) that has been described to appear as a frequent consequence of MetS development (68, 69), indicating that its severity must be immediately controlled.

This cluster analysis shows the heterogeneity that MetS could present depending on patients’ characteristics and morbidity. Similar analysis has demonstrated their utility in other cardiometabolic diseases such as Atrial Fibrillation (AF) (70) or Sickle cell anemia (71).

The analysis of differences in nutrient intake between clusters indicates differences in protein, polyunsaturated fatty acids, linoleic acid and some vitamins (A and C). Cluster 3, that have altered hepatic parameters, presents a higher consumption of protein. Accordingly, protein intake has been reported to be inversely correlated with the risk of NAFLD incidence in men and women aged ≥50 years (72). These data suggest that high protein intake may be one of the origins of liver enzyme alterations.

On the other hand, cluster 4, which presents more altered lipid profile parameters has the lowest consumption of polyunsaturated fatty acids and linoleic acids compared to the other cluster. Dietary PUFA intake is a beneficial factor for dyslipidemia (73) and its low consumption may be related to a worse lipid profile.

Finally, the consumption of well-recognized antioxidants vitamin A and vitamin E, is lower in clusters 3 and 4 than in the other groups. Practical nutritional guidelines usually recommend the intake of antioxidants vitamins in MetS-associated diseases (74). Vitamin A is positively associated with metabolic risk factors in Chinese children and adolescents (75), while vitamin E levels are significantly lower in MetS patients (76). Thus, MetS worse prognosis may be linked to a low intake of antioxidant vitamins, but further studies are needed to confirm this association. Overall, the liver status statement is relevant in high cardiovascular risk patients as well as the role of precision nutrition for the management of metabolic syndrome features (77).

To conclude, this research demonstrated a new assessment of MetS patients based on markers that are commonly used in clinical practice but are not used in MetS management. This approach has been able to identify the potential impact of an altered hepatic function profile in MetS for a differential prognosis and therapies. These subgroups of patients represent the variability between characteristics that MetS patients could have and may be relevant in the study of complications associated with the development of MetS as well as different nutritional dietary patterns have been found between groups. Further research must be conducted in order to confirm the potential of this patient’s classification and to anticipate the possible disease evolution of such population. In any case, the involvement of medications and liver status assessments reveals that current metabolic syndrome categorization may need to be re-appraised. This approach could be a practical clinical tool to provide the most adequate lifestyle and behavioral intervention depending on the subgroup of patients and their metabolic status for better personal and precise management of this disease. Our result confirms the clinical significance of liver status in Metabolic Syndrome characterization to understand and predict the prognosis of that disease for personalized precision medicine. Indeed, a cluster analysis based on metabolic biomarkers revealed the potential importance of pivotal liver morbidity manifestations, which are associated with nutrient intake in MetS patients.



Data availability statement

The PREDIMED-Plus trial enclosed restrictions on data availability because of the signed consent agreements around data sharing. These only enable access to external researchers for studies following the project purposes. PREDIMED_Plus trial access request of data used in this study can make a request to the PREDIMED-Plus trial Steering Committee chair: jordi.salas@urv.cat. The request will then be passed to members of the PREDIMED-Plus Steering Committee for deliberation. Requests to access the datasets should be directed to PREDIMED-Plus trial Steering Committee chair: jordi.salas@urv.cat.



Ethics statement

This study has been reviewed and approved by the different ethics committee of each recruitment center: CEI Provincial de Málaga-Servicio Andaluz de Salud O01_feb_PR2 - Predimedplus nodo 1 CEI de los Hospitales Universitarios Virgen Macarena y Virgen del Rocıó Servicio Andaluz de Salud PI13/00673 CEIC Universidad de Navarra 053/2013 CEI de las Illes Balears - Conselleria de Salut Direcció General de Salut Publica i Consum IB 2242/14 PI CEIC del Hospital Clınic de Barcelona HCB/2016/0287 CEIC Parc dé Salut Mar y IDIAP Jordi Gol PI13/120 CEIC del Hospital Universitari Sant Joan de Reus y IDIAB Jordi Gol 13-07-25/7proj2 CEI de la Provincia de Granada- Servicio Andaluz de Salud MAB/BGP/pg CEIC pf Fundacion Jiménez Dıaz EC 26-´ 14/IIS-FJD CEIC Universidad de Navarra 053/2013 CEIC Euskadi PI2014044 CEIC Corporativo de Atención Primaria de la Comunitat Valenciana 2011-005398-22 CEI Humana de la Universidad de las Palmas de Gran Canaria CEIH-2013-07 CEIC del Hospital de Bellvitge PR240/13 CEI de Cordoba-Junta de Salud 3078 CEI of Fundación IMDEA Alimentación PI-012 CEIC Hospital Clınico San Carlos de Madrid-Piloto-CEIĆ Servicio Madrileño de salud-General 30/15 CEI Provincial de Málaga-Servicio Andaluz de Salud CEI de las Illes Balears - Conselleria de Salut Direcció General de Salut Publica i Consum IB 2251/14 PI CEIC del Hospital Clınic de Barcelona HCB/2017/ ´ 0351 CEIC del Hospital General Universitario de Alicante CEIC PI2017/02 CEIC de la Investigación Biomédica de Andalucıá (CCEIBA) CEI de la Universidad de León é TICA-ULE-014- 2015. The patients/participants provided their written informed consent to participate in this study.



Author contributions

MAM-G, DC, JS-S, MF, AA-G, JW, JV, JVd, DR, JL-M, RE, FT, JL, JL-M, AB-C, JT, VMS, XP, MD-R, PM-M, JV, JVd, CV, JG-G, MM-G, AG-R, NB, LD and JAM designed and conducted the research. VM, RSC, and JAM conceived the study idea and the analysis design. JAM supervised the research and VM carried out the analysis procedures, bibliographic research, data preparation, statistical analysis and wrote initial drafts. VM and RS-C assisted with statistical analysis and R programming. VM, RS-C, RM, LD NPDdC and JAM participated in the scientific discussion of experimental results. All the authors assisted in manuscript revision for intellectual content and approved it.



Funding

The PREDIMED-Plus trial was supported by the European Research Council (Advanced Research grant 2014–2019; agreement #340918; granted to MM-G); the official Spanish institutions for funding scientific biomedical research, CIBER Fisiopatología de la Obesidad y Nutrición (CIBEROBN) and Instituto de Salud Carlos III (ISCIII) through the Fondo de Investigación para la Salud (FIS) which is co-funded by the European Regional Development Fund (coordinated FIS projects led by JS-S and JV, including the following projects: PI13/00673, PI13/00492, PI13/00272, PI13/01123, PI13/00462, PI13/00233, PI13/02184, PI13/00728, PI13/01090, PI13/01056, PI14/01722, PI14/00636, PI14/00618, PI14/00696, PI14/01206, PI14/01919, PI14/00853, PI14/01374, PI14/00972, PI14/00728, PI14/01471, PI16/00473, PI16/00662, PI16/01873, PI16/01094, PI16/00501, PI16/00533, PI16/00381, PI16/00366, PI16/01522, PI16/01120, PI17/00764, PI17/01183, PI17/00855, PI17/01347, PI17/00525, PI17/01827, PI17/00532, PI17/00215, PI17/01441, PI17/00508, PI17/01732, PI17/00926, PI19/00957, PI19/00386, PI19/00309, PI19/01032, PI19/00576, PI19/00017, PI19/01226, PI19/00781, PI19/01560, PI19/01332, PI20/01802, PI20/00138, PI20/01532, PI20/00456, PI20/00339, PI20/00557, PI20/00886, PI20/01158), and the Especial Action Project “Implementación y evaluación de una intervención intensiva sobre la actividad física Cohorte PREDIMED-Plus” (JS-S); the Recercaixa (grant number 2013ACUP00194) (JS-S). Moreover, JS-S gratefully acknowledges the financial support by ICREA under the ICREA Academia program; the SEMERGEN grant; Department of Health of the Government of Navarra (61/2015), the Fundació La Marató de TV (Ref. 201630.10); the AstraZeneca Young Investigators Award in Category of Obesity and T2D 2017 (DR); grants from the Consejería de Salud de la Junta de Andalucía (PI0458/2013; PS0358/2016; PI0137/2018), the PROMETEO/2017/017 grant from the Generalitat Valenciana, the SEMERGEN grant; grant of support to research groups 35/2011 (Balearic Islands Government; FEDER funds) (JT).



Acknowledgments

The authors wish to thank the PREDIMED-Plus participants and staff for their engagement, as well as to the primary care centers involved in the study. RS-C acknowledges financial support from the Juan de la Cierva Program Training Grants of the Spanish State Research Agency of the Spanish Ministerio de Ciencia e Innovación y Ministerio de Universidades (FJC2018-038168- I).



Conflict of interest

JS-S reports grants from CIBEROBN, ISCIII (Spain), during the conduct of the study; non-financial support from Nut and Dried Fruit Foundation, personal fees from Instituto Danone Spain, other from Danone S.A., other from Font Vella Lanjaron, personal fees and grants from Eroski Distributors, grants from Nut and Dried Fruit Foundation, grants from Eroski Distributors, personal fees from Nut and Dried Fruit Foundation, outside the submitted work. ER reports grants, personal fees, non-financial support and other from California Walnut Commission, grants, personal fees, non-financial support and other from Alexion, personal fees, non-financial support and other from Ferrer International, personal fees from Amarin, personal fees, non-financial support and other from Danone, outside the submitted work. JL-M reports personal fees and non-financial support from AMGEN, personal fees and non-financial support from SANOFI, personal fees from MSD, personal fees from Laboratorios Dr. Esteve, personal fees from NOVO-NORDISK outside the submitted work.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.936956/full#supplementary-material



References

1. Engin, A. The definition and prevalence of obesity and metabolic syndrome. Adv Exp Med Biol (2017) 960:1–17. doi: 10.1007/978-3-319-48382-5_1

2. O'Neill, S, and O'Driscoll, L. Metabolic syndrome: a closer look at the growing epidemic and its associated pathologies. Obes Rev (2015) 16(1):1–12. doi: 10.1111/obr.12229

3. Saklayen, MG. The global epidemic of the metabolic syndrome. Curr Hypertens Rep (2018) 20(2):12. doi: 10.1007/s11906-018-0812-z

4. Abbate, M, Mascaró, CM, Montemayor, S, Barbería-Latasa, M, Casares, M, Gómez, C, et al. Animal fat intake is associated with albuminuria in patients with non-alcoholic fatty liver disease and metabolic syndrome. Nutrients (2021) 13(5):1548. doi: 10.3390/nu13051548

5. Godoy-Matos, AF, Silva Júnior, WS, and Valerio, CM. NAFLD as a continuum: from obesity to metabolic syndrome and diabetes. Diabetol Metab Syndr (2020) 12:60. doi: 10.1186/s13098-020-00570-y

6. Sperling, LS, Mechanick, JI, Neeland, IJ, Herrick, CJ, Despres, JP, Ndumele, CE, et al. The CardioMetabolic health alliance: Working toward a new care model for the metabolic syndrome. J Am Coll Cardiol (2015) 66(9):1050–67. doi: 10.1016/j.jacc.2015.06.1328

7. Younes, R, Caviglia, GP, Govaere, O, Rosso, C, Armandi, A, Sanavia, T, et al. Long-term outcomes and predictive ability of non-invasive scoring systems in patients with non-alcoholic fatty liver disease. J Hepatol (2021) 75(4):786–94. doi: 10.1016/j.jhep.2021.05.008

8. Alberti, KG, Eckel, RH, Grundy, SM, Zimmet, PZ, Cleeman, JI, Donato, KA, et al. Harmonizing the metabolic syndrome: a joint interim statement of the international diabetes federation task force on epidemiology and prevention; national heart, lung, and blood institute; American heart association; world heart federation; international atherosclerosis society; and international association for the study of obesity. Circulation (2009) 120(16):1640–5. doi: 10.1161/CIRCULATIONAHA.109.192644

9. Aliabadi, PK, Sohrab, M, Hessami, A, Afshari, M, Kashi, Z, Kheradmand, M, et al. Association between liver enzymes and metabolic syndrome: results of the enrollment phase of tabari cohort. Ir J Med Sci (2021) 191:1201–1208. doi: 10.1007/s11845-021-02694-0

10. Chen, MZ, Wong, MWK, Lim, JY, and Merchant, RA. Frailty and quality of life in older adults with metabolic syndrome - findings from the healthy older people everyday (HOPE) study. J Nutr Health Aging (2021) 25(5):637–44. doi: 10.1007/s12603-021-1609-3

11. Patel, AY, Shah, P, and Flaherty, JH. Number of medications is associated with outcomes in the elderly patient with metabolic syndrome. J Geriatr Cardiol (2012) 9(3):213–9. doi: 10.3724/SP.J.1263.2011.12011

12. Younossi, Z, Tacke, F, Arrese, M, Chander Sharma, B, Mostafa, I, Bugianesi, E, et al. Global perspectives on nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. Hepatology (2019) 69(6):2672–82. doi: 10.1002/hep.30251

13. Church, T. Exercise in obesity, metabolic syndrome, and diabetes. Prog Cardiovasc Dis (2011) 53(6):412–8. doi: 10.1016/j.pcad.2011.03.013

14. Salas-Salvado, J, Diaz-Lopez, A, Ruiz-Canela, M, Basora, J, Fito, M, Corella, D, et al. Effect of a lifestyle intervention program with energy-restricted Mediterranean diet and exercise on weight loss and cardiovascular risk factors: One-year results of the PREDIMED-plus trial. Diabetes Care (2019) 42(5):777–88. doi: 10.2337/dc18-0836

15. San-Cristobal, R, Navas-Carretero, S, Livingstone, KM, Celis-Morales, C, Macready, AL, Fallaize, R, et al. Mediterranean Diet adherence and genetic background roles within a web-based nutritional intervention: The Food4Me study. Nutrients (2017) 9(10):1107. doi: 10.3390/nu9101107

16. Meroni, M, Longo, M, Rustichelli, A, and Dongiovanni, P. Nutrition and genetics in NAFLD: The perfect binomium. Int J Mol Sci (2020) 21(8):2986. doi: 10.3390/ijms21082986

17. Willems, AEM, Sura-de Jong, M, van Beek, AP, Nederhof, E, and van Dijk, G. Effects of macronutrient intake in obesity: a meta-analysis of low-carbohydrate and low-fat diets on markers of the metabolic syndrome. Nutr Rev (2021) 79(4):429–44. doi: 10.1093/nutrit/nuaa044

18. Chauhan, H, Belski, R, Bryant, E, and Cooke, M. Dietary assessment tools and metabolic syndrome: Is it time to change the focus? Nutrients (2022) 14(8):1557 . doi: 10.3390/nu14081557

19. Konig, IR, Fuchs, O, Hansen, G, von Mutius, E, and Kopp, MV. What is precision medicine? Eur Respir J (2017) 50(4):1700391 . doi: 10.1183/13993003.00391-2017

20. Newcomer, SR, Steiner, JF, and Bayliss, EA. Identifying subgroups of complex patients with cluster analysis. Am J Manag Care (2011) 17(8):e324–32.

21. Antman, EM, and Loscalzo, J. Precision medicine in cardiology. Nat Rev Cardiol (2016) 13(10):591–602. doi: 10.1038/nrcardio.2016.101

22. Moschonis, G, Tsoutsoulopoulou, K, Efstathopoulou, E, Tsirigoti, L, Lambrinou, CP, Georgiou, A, et al. Conceptual framework of a simplified multi-dimensional model presenting the environmental and personal determinants of cardiometabolic risk behaviors in childhood. Expert Rev Cardiovasc Ther (2015) 13(6):673–92. doi: 10.1586/14779072.2015.1039992

23. January, CT, Wann, LS, Alpert, JS, Calkins, H, Cigarroa, JE, Cleveland, JC Jr., et al. 2014 AHA/ACC/HRS guideline for the management of patients with atrial fibrillation: a report of the American college of Cardiology/American heart association task force on practice guidelines and the heart rhythm society. J Am Coll Cardiol (2014) 64(21):e1–76. doi: 10.1161/CIR.0000000000000041

24. Beger, RD, Dunn, W, Schmidt, MA, Gross, SS, Kirwan, JA, Cascante, M, et al. Metabolomics enables precision medicine: "A white paper, community perspective". Metabolomics (2016) 12(10):149. doi: 10.1007/s11306-016-1094-6

25. McCarthy, MI. Painting a new picture of personalised medicine for diabetes. Diabetologia (2017) 60(5):793–9. doi: 10.1007/s00125-017-4210-x

26. Martinez-Gonzalez, MA, Buil-Cosiales, P, Corella, D, Bullo, M, Fito, M, Vioque, J, et al. Cohort profile: Design and methods of the PREDIMED-plus randomized trial. Int J Epidemiol (2019) 48(2):387–8o. doi: 10.1093/ije/dyy225

27. Stone, NJ, Robinson, JG, Lichtenstein, AH, Bairey Merz, CN, Blum, CB, Eckel, RH, et al. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report of the American college of Cardiology/American heart association task force on practice guidelines. Circulation (2014) 129(25 Suppl 2):S1–45. doi: 10.1161/01.cir.0000437738.63853.7a

28. Schroder, H, Zomeno, MD, Martinez-Gonzalez, MA, Salas-Salvado, J, Corella, D, Vioque, J, et al. Validity of the energy-restricted Mediterranean diet adherence screener. Clin Nutr (2021) 40(8):4971–9. doi: 10.1016/j.clnu.2021.06.030

29. Martinez-Urbistondo, D, Beltran, A, Beloqui, O, and Huerta, A. The neutrophil-to-lymphocyte ratio as a marker of systemic endothelial dysfunction in asymptomatic subjects. Nefrologia (2016) 36(4):397–403. doi: 10.1016/j.nefroe.2016.11.003

30. Martin-Moreno, JM, Boyle, P, Gorgojo, L, Maisonneuve, P, Fernandez-Rodriguez, JC, Salvini, S, et al. Development and validation of a food frequency questionnaire in Spain. Int J Epidemiol (1993) 22(3):512–9. doi: 10.1093/ije/22.3.512

31. Fernández-Ballart, JD, Piñol, JL, Zazpe, I, Corella, D, Carrasco, P, Toledo, E, et al. Relative validity of a semi-quantitative food-frequency questionnaire in an elderly Mediterranean population of Spain. Br J Nutr (2010) 103(12):1808–16. doi: 10.1017/S0007114509993837

32. de la Fuente-Arrillaga, C, Ruiz, ZV, Bes-Rastrollo, M, Sampson, L, and Martinez-González, MA. Reproducibility of an FFQ validated in Spain. Public Health Nutr (2010) 13(9):1364–72. doi: 10.1017/S1368980009993065

33. Beck, AT, Steer, RA, Ball, R, and Ranieri, WF. Comparison of beck depression inventories-IA and-II in psychiatric outpatients. J Pers Assessment (1996) 67(3):588–97. doi: 10.1207/s15327752jpa6703_13

34. Blesa, R, Pujol, M, Aguilar, M, Santacruz, P, Bertran-Serra, I, Hernández, G, et al. Clinical validity of the ‘mini-mental state’ for Spanish speaking communities. Neuropsychologia (2001) 39(11):1150–7. doi: 10.1016/S0028-3932(01)00055-0

35. Folstein, MF, Folstein, SE, and McHugh, PR. "Mini-mental state". a practical method for grading the cognitive state of patients for the clinician. J Psychiatr Res (1975) 12(3):189–98. doi: 10.1016/0022-3956(75)90026-6

36. Gomez, RM, Lopez Ortiz, AO, and Schattner, M. Platelets and extracellular traps in infections. Platelets (2021) 32(3):305–13. doi: 10.1080/09537104.2020.1718631

37. Tamhane, UU, Aneja, S, Montgomery, D, Rogers, EK, Eagle, KA, and Gurm, HS. Association between admission neutrophil to lymphocyte ratio and outcomes in patients with acute coronary syndrome. Am J Cardiol (2008) 102(6):653–7. doi: 10.1016/j.amjcard.2008.05.006

38. Lioudaki, E, Ganotakis, ES, and Mikhailidis, DP. Liver enzymes: potential cardiovascular risk markers? Curr Pharm Des (2011) 17(33):3632–43. doi: 10.2174/138161211798220945

39. DeBoer, MD, and Gurka, MJ. Clinical utility of metabolic syndrome severity scores: considerations for practitioners. Diabetes Metab Syndr Obes (2017) 10:65–72. doi: 10.2147/DMSO.S101624

40. Dodge, Y. The concise encyclopedia of statistics. (2008). New York, NY, EEUU.

41. Murtagh, F, and Legendre, P. Ward’s hierarchical agglomerative clustering method: Which algorithms implement ward’s criterion? J Classification (2014) 31(3):274–95. doi: 10.1007/s00357-014-9161-z

42. Jones, PJ, Catt, M, Davies, MJ, Edwardson, CL, Mirkes, EM, Khunti, K, et al. Feature selection for unsupervised machine learning of accelerometer data physical activity clusters - a systematic review. Gait Posture (2021) 90:120–8. doi: 10.1016/j.gaitpost.2021.08.007

43. Charrad, M, Ghazzali, N, Boiteau, V, and Niknafs, A. NbClust: An r package for determining the relevant number of clusters in a data set. J Stat Software (2014) 61(6):1–36. doi: 10.18637/jss.v061.i06

44. Team RDC. R: A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing (2010).

45. RStudio RT. Integrated development environment for r. (2020).Boston, MA, EEUU.


46. Lee, SH, Cho, DY, Joo, NS, Kim, KM, and Kim, KN. The relationship of alanine aminotransferase to metabolic syndrome in a Korean population. Turk J Gastroenterol (2018) 29(1):52–60. doi: 10.5152/tjg.2018.17333

47. Tsao, YC, Li, WC, Yeh, WC, Ueng, SW, Chiu, SY, and Chen, JY. The association between metabolic syndrome and related factors among the community-dwelling indigenous population in Taiwan. Int J Environ Res Public Health (2020) 17(23):8958. doi: 10.3390/ijerph17238958

48. Yadav, D, Choi, E, Ahn, SV, Baik, SK, Cho, YZ, Koh, SB, et al. Incremental predictive value of serum AST-to-ALT ratio for incident metabolic syndrome: The ARIRANG study. PloS One (2016) 11(8):e0161304. doi: 10.1371/journal.pone.0161304

49. de la Iglesia, R, Loria-Kohen, V, Zulet, MA, Martinez, JA, Reglero, G, and Ramirez de Molina, A. Dietary strategies implicated in the prevention and treatment of metabolic syndrome. Int J Mol Sci (2016) 17(11):1877. doi: 10.3390/ijms17111877

50. Carestia, A, Kaufman, T, and Schattner, M. Platelets: New bricks in the building of neutrophil extracellular traps. Front Immunol (2016) 7:271. doi: 10.3389/fimmu.2016.00271

51. Zarbock, A, Polanowska-Grabowska, RK, and Ley, K. Platelet-neutrophil-interactions: linking hemostasis and inflammation. Blood Rev (2007) 21(2):99–111. doi: 10.1016/j.blre.2006.06.001

52. Ellulu, MS, Patimah, I, Khaza'ai, H, Rahmat, A, and Abed, Y. Obesity and inflammation: the linking mechanism and the complications. Arch Med Sci (2017) 13(4):851–63. doi: 10.5114/aoms.2016.58928

53. Ouchi, N, Parker, JL, Lugus, JJ, and Walsh, K. Adipokines in inflammation and metabolic disease. Nat Rev Immunol (2011) 11(2):85–97. doi: 10.1038/nri2921

54. Welty, FK, Alfaddagh, A, and Elajami, TK. Targeting inflammation in metabolic syndrome. Transl Res (2016) 167(1):257–80. doi: 10.1016/j.trsl.2015.06.017

55. Devers, MC, Campbell, S, and Simmons, D. Influence of age on the prevalence and components of the metabolic syndrome and the association with cardiovascular disease. BMJ Open Diabetes Res &amp; Care (2016) 4(1):e000195. doi: 10.1136/bmjdrc-2016-000195

56. Arrospide, A, Machon, M, Ramos-Goni, JM, Ibarrondo, O, and Mar, J. Inequalities in health-related quality of life according to age, gender, educational level, social class, body mass index and chronic diseases using the Spanish value set for euroquol 5D-5L questionnaire. Health Qual Life Outcomes (2019) 17(1):69. doi: 10.1186/s12955-019-1134-9

57. Muscatello, MR, Spina, E, Bandelow, B, and Baldwin, DS. Clinically relevant drug interactions in anxiety disorders. Hum Psychopharmacol (2012) 27(3):239–53. doi: 10.1002/hup.2217

58. Doroszko, A, Janus, A, Szahidewicz-Krupska, E, Mazur, G, and Derkacz, A. Resistant hypertension. Adv Clin Exp Med (2016) 25(1):173–83. doi: 10.17219/acem/58998

59. Rao Kondapally Seshasai, S, Kaptoge, S, Thompson, A, Di Angelantonio, E, Gao, P, Sarwar, N, et al. Diabetes mellitus, fasting glucose, and risk of cause-specific death. N Engl J Med (2011) 364(9):829–41.

60. Li, XC, and Zhuo, JL. Current insights and new perspectives on the roles of hyperglucagonemia in non-insulin-dependent type 2 diabetes. Curr Hypertens Rep (2013) 15(5):522–30. doi: 10.1007/s11906-013-0383-y

61. Assuncao, N, Sudo, FK, Drummond, C, de Felice, FG, and Mattos, P. Metabolic syndrome and cognitive decline in the elderly: A systematic review. PloS One (2018) 13(3):e0194990. doi: 10.1371/journal.pone.0194990

62. Azab, B, Chainani, V, Shah, N, and McGinn, JT. Neutrophil-lymphocyte ratio as a predictor of major adverse cardiac events among diabetic population: a 4-year follow-up study. Angiology (2013) 64(6):456–65. doi: 10.1177/0003319712455216

63. Lee, GK, Lee, LC, Chong, E, Lee, CH, Teo, SG, Chia, BL, et al. The long-term predictive value of the neutrophil-to-lymphocyte ratio in type 2 diabetic patients presenting with acute myocardial infarction. QJM (2012) 105(11):1075–82. doi: 10.1093/qjmed/hcs123

64. Balta, S, Celik, T, Mikhailidis, DP, Ozturk, C, Demirkol, S, Aparci, M, et al. The relation between atherosclerosis and the neutrophil-lymphocyte ratio. Clin Appl Thromb Hemost (2016) 22(5):405–11. doi: 10.1177/1076029615569568

65. Surendar, J, Indulekha, K, Mohan, V, and Pradeepa, R. Association of neutrophil-lymphocyte ratio with metabolic syndrome and its components in Asian indians (CURES-143). J Diabetes Complications. (2016) 30(8):1525–9. doi: 10.1016/j.jdiacomp.2016.08.006

66. Buyukkaya, E, Karakas, MF, Karakas, E, Akcay, AB, Tanboga, IH, Kurt, M, et al. Correlation of neutrophil to lymphocyte ratio with the presence and severity of metabolic syndrome. Clin Appl Thromb Hemost (2014) 20(2):159–63. doi: 10.1177/1076029612459675

67. Radcke, S, Dillon, JF, and Murray, AL. A systematic review of the prevalence of mildly abnormal liver function tests and associated health outcomes. Eur J Gastroenterol Hepatol (2015) 27(1):1–7. doi: 10.1097/MEG.0000000000000233

68. Pagano, G, Pacini, G, Musso, G, Gambino, R, Mecca, F, Depetris, N, et al. Nonalcoholic steatohepatitis, insulin resistance, and metabolic syndrome: further evidence for an etiologic association. Hepatology (2002) 35(2):367–72. doi: 10.1053/jhep.2002.30690

69. Angelico, F, Del Ben, M, Conti, R, Francioso, S, Feole, K, Maccioni, D, et al. Non-alcoholic fatty liver syndrome: a hepatic consequence of common metabolic diseases. J Gastroenterol Hepatol (2003) 18(5):588–94. doi: 10.1046/j.1440-1746.2003.02958.x

70. Vitolo, M, Proietti, M, Shantsila, A, Boriani, G, and Lip, GYH. Clinical phenotype classification of atrial fibrillation patients using cluster analysis and associations with trial-adjudicated outcomes. Biomedicines (2021) 9(7):843. doi: 10.3390/biomedicines9070843

71. Dutra, V, Biassi, TP, and Figueiredo, MS. Sickle cell anemia: hierarchical cluster analysis and clinical profile in a cohort in Brazil. Hematol Transfus Cell Ther (2021) 9:S2531–1379(21)01321–3. doi: 10.1016/j.htct.2021.08.015

72. Lee, JH, Lee, HS, Ahn, SB, and Kwon, YJ. Dairy protein intake is inversely related to development of non-alcoholic fatty liver disease. Clin Nutr (2021) 40(10):5252–60. doi: 10.1016/j.clnu.2021.08.012

73. Zhou, J, Cai, L, Ni, S, Zhong, Z, Yang, M, Yu, H, et al. Associations of dietary PUFA with dyslipidaemia among the US adults: the findings from national health and nutrition examination survey (NHANES) 2009–2016. Br J Nutr (2022) 127(9):1386–94. doi: 10.1017/S0007114521002300

74. Miller, EF. Nutrition management strategies for nonalcoholic fatty liver disease: Treatment and prevention. Clin Liver Dis (Hoboken) (2020) 15(4):144–8. doi: 10.1002/cld.918

75. Tian, T, Wang, Y, Xie, W, Zhang, J, Ni, Y, Peng, X, et al. Associations between serum vitamin a and metabolic risk factors among Eastern Chinese children and adolescents. Nutrients (2022) 14(3):610. doi: 10.3390/nu14030610

76. Goncalves, A, and Amiot, MJ. Fat-soluble micronutrients and metabolic syndrome. Curr Opin Clin Nutr Metab Care (2017) 20(6):492–7. doi: 10.1097/MCO.0000000000000412

77. de Toro-Martín, J, Arsenault, BJ, Després, JP, and Vohl, MC. Precision nutrition: A review of personalized nutritional approaches for the prevention and management of metabolic syndrome. Nutrients (2017) 9(8):913. doi: 10.3390/nu9080913



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Micó, San-Cristobal, Martín, Martínez-González, Salas-Salvadó, Corella, Fitó, Alonso-Gómez, Wärnberg, Vioque, Romaguera, López-Miranda, Estruch, Tinahones, Lapetra, Serra-Majem, Bueno-Cavanillas, Tur, Martín Sánchez, Pintó, Delgado-Rodríguez, Matía, Vidal, Vázquez, García-Arellano, Pertusa-Martinez, Chaplin, Garcia-Rios, Muñoz Bravo, Schröder, Babio, Sorli, Gonzalez, Martinez-Urbistondo, Toledo, Bullón, Ruiz-Canela, Portillo, Macías-González, Perez-Diaz-del-Campo, García-Gavilán, Daimiel and Martínez. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-936956-g001.jpg
9677 patients
assessed for
eligibility

2803 patientsrefused to participated or did not meet inclusion criteria

4267 patients

2607 patients removed for statistical analysisand study design

Final population studied

4163 patients

104 patients removed by incomplete data






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Morbid liver manifestations are intrinsically bound to metabolic syndrome and nutrient intake based on a machine-learning cluster analysis

      

        		

          Introduction

        



        		

          Material and methods

        

          		

            Study population

          



          		

            Variable selection and categorization approach

          



          		

            Statistical Procedures

          



          		

            Exploratory factor analysis and clusterization

          



        



        



        		

          Results

        

          		

            Baseline characteristics

          



          		

            Factor scores: Association between selected variables

          



          		

            Cluster analysis

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2022.936956_cover.jpg
’ frontiers | Frontiers in Endocrinology

Morbid liver manifestations are
intrinsically bound to metabolic
syndrome and nutrient intake
based on a machine-learning
cluster analysis





OEBPS/Images/table2.jpg
Variance proportion
Aspirin use

Pain treatment
Tranquilizers use
CVD treatment

No metformin diabetes treatment
Insulin use

HDL cholesterol
Waist-Hip ratio
Hypertension
Cholesterol

Glucose

LDL cholesterol

NLI Index

Platelets

AST

ALT

GGT

Factor 1

0.42
0.00
0.06
0.06
-0.04
0.00
0.00
0.19
-0.05
0.02
0.90
-0.01
0.52
-0.11
0.08
-0.01
0.00
0.05

Bold values means most relevants factor loadings values (upper than 0.25).

Factor 2

0.32
0.24
-0.02
-0.01
0.04
0.84
0.36
-0.07
0.05
-0.08
0.02
0.76
-0.12
0.10
0.05
0.00
0.00
0.01

Factor 3

0.26
-0.03
-0.02
-0.05
-0.03
-0.02
-0.06
0.02
0.04
0.09
0.00
0.03
-0.02
-0.03
-0.02
0.51
0.77
0.31





OEBPS/Images/fendo-13-936956-g003.jpg
Factor loadings

15

10

-10 05 00 05

-15

Cluster 1
n=616

Cluster 2
n=1612

Factor loadings

Cluster3  Cluster4

n=575

n= 1360

10 15 20 25

Factor loadings

05 00 0S5

Factor 3

Cluster1  Cluster 2

n= 616 n=1612

Cluster 3
n=575

Cluster 1
n=616

Cluster 4
n= 1360

Factor 2

Cluster 2
n= 1612

Cluster 3
n=575

Cluster 4
n= 1360





OEBPS/Images/table4.jpg
Total energy intake (kcal)
Carbohydrates (g/day)
Protein (g/day)

Total fat (g/day)
Monounsaturated fat (g/day)
Polyunsaturated fat (g/day)
Saturated fat (g/day)

Trans fat (g/day)

Linoleic acid (g/day)
Linolenic acid (g/day)

Q-3 Fatty acid (g/day)
Alcohol (g/day)

Fiber (g/day)

Vitamin A (mcg/day)
Vitamin C (mg/day)
Vitamin E (mg/day)

Cluster 1

(N =616)

2300 (523)
233 (69.5)
97.3 (22.7)
101 (27.9)
52,0 (16.1)
17.8 (6.76)
254 (8.02)
057 (0.37)
13.6 (5.78)
1.39 (0.652)
0.88 (0.48)
10.1 (15.1)
26.6 (8.96)
1150 (697)
202 (84.6)
109 (4.49)

p-value refers to ANOVA test comparisons between clusters.

Cluster 2

(N =1612)

2390 (559)
247 (73.3)
97.5 (22.2)
104 (29.1)
53.8 (16.7)
18.2 (6.77)
26.4 (8.42)
0.61 (0.40)
13.8 (5.69)
1.47 (0.697)
0.89 (0.47)
10.6 (14.4)
26.5 (8.90)
1110 (622)
207 (87.4)
10.7 (3.94)

Cluster 3
(N = 575)

2450 (577)
251 (72.4)
99.4 (22.3)
106 (29.9)
54.6 (16.7)
184 (7.11)
27.1 (881)
0.63 (0.43)
13.8 (5.75)
1.44 (0.659)
0.88 (0.44)
13.3 (16.4)
25.8 (8.79)
1080 (643)
193 (84.7)
10.5 (4.00)

Cluster 4

(N = 1360)

2310 (544)
240 (72.8)
95.5 (21.8)
101 (28.0)
52.2 (15.6)
17.4 (6.47)
253 (8.22)
0.56 (0.36)
13.2 (5.57)
1.40 (0.666)
0.88 (0.49)
9.27 (13.6)
26.3 (8.74)
1070 (622)
202 (84.3)
10.4 (3.87)

p value

0.34
0.63
0.03
0.20
0.37
0.02
0.13
0.14
0.02
0.24
0.96
0.12
0.25
0.03
0.28
0.01





OEBPS/Images/table3.jpg
Sex (%)
Men
‘Women
Age (years)
BMI' (Kg/m®)
Waist-Hip Ratio
Diastolic blood pressure (mmHg)
Systolic blood pressure (mmHg)
Met$ score
Glucose (mg/dl)
Hbalc
Cholesterol (mg/dl)
HDL (mg/dl)
LDL (mg/dl)
Triglycerides (mg/dl)
AST (U/L)
ALT (U/L)
GGT (U/L)
Platelets (10*/uL)
NLI* (p.d.u.)
Uric acid (mg/dl)
erMedDiet * 17 Points
Sedentary lifestyle (Yes %)
Beck Depression questionnaire Score
Mini-Mental questionnaire Score
Diabetes prevalence (Yes %)
Hypertension Prevalence (Yes %)
Dyslipidemia prevalence (Yes %)

Cluster 1

(N = 616)

515
485
65.8 (4.61)
32,6 (3.52)
1.00 (0.07)
139 (17.5)
78.2 (9.86)
5.18 (0.514)
134 (26.3)
6.83 (0.901)
173 (32.1)
45.6 (10.8)
99.5 (28.2)
141 (55.3)
19.2 (4.44)
21.6 (6.63)
28.7 (14.2)
242 (61.7)
2.16 (2.69)
5.79 (1.37)
8.78 (2.51)
451
9.40 (8.21)
27.9 (2.20)
603 (97.9%)
538 (87.3%)
481 (78.1%)

Cluster 2

(N =1612)

55.8
442
65.9 (4.96)
32.4 (3.44)
0.98 (0.07)
139 (17.7)
80.2 (9.97)
4.83 (0.419)
106 (17.0)
5.88 (0.535)
172 (19.7)
45.8 (10.3)
101 (19.0)
128 (48.9)
20.7 (4.58)
21.8 (6.50)
27.7 (14.1)
225 (54.8)
1.95 (0.85)
5.99 (1.42)
8.37 (2.60)
435
8.00 (6.83)
28.3 (1.80)
227 (14.1%)
1386 (86.0%)
1095 (67.9%)

Cluster 3

(N = 575)

65.7
343
63.1 (4.73)
32.8 (3.36)
1.01 (0.07)
140 (16.2)
82.2 (9.56)
5.07 (0.476)
116 (23.8)
6.17 (0.777)
189 (36.4)
45.5 (10.4)
114 (325
148 (54.2
31.2 (6.99)
44.0 (8.70)
412 (18.1
228 (52.7)
1.83 (0.67)
6.21 (1.49)
8.16 (2.71)
523
8.11(7.33)
28.4 (1.78)
170 (29.6%)
493 (85.7%)
389 (67.7%)

)
)

)
)

Cluster 4

(N =1360)

36.7
633
65.2 (4.75)
32.3 (3.40)
0.96 (0.07)
139 (16.3)
81.6 (9.72)
5.09 (0.430)
104 (15.3)
5.84 (0.494)
228 (222)
52.2 (11.6)
146 (21.8
146 (52,0
20.6 (4.39)
21.6 (6.28)
28.9 (14.4)
237 (54.1)
1.79 (0.74)
5.94 (1.45)
856 (2.72)
39.8
8.74 (7.34)
28.2 (2.00)
96 (7.1%)
1123 (82.6%)
935 (68.8%)

)
)

p-value

<0.001

<0.001
0.493
<0.001
0.987
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.128
0.472
<0.001
0.948
0.008
<0.001
<0.001
<0.001

p-value refers to chi-squared and ANOVA test comparisons between clusters. 'BMI, Body Mass Index *Neutrophils- Lymphocytes Index *erMedDiet, Mediterranean Diet Adherence

questionnaire 17 points Score.





OEBPS/Images/fendo-13-936956-g004.jpg
AT

ey
s

Gtz
ety

Ger s

o "
H ] _ ““““ | 1
HTHe

e

wowte

k)
Sj=
=

o

s ety

ety

LoL chotesterol






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
Age (years)
BMI' (Kg/m2)

Waist-Hip ratio

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Glucose (mg/dl)

Uric Acid (mg/dl)

Cholesterol (mg/dl)

HDL cholesterol (mg/dl)

LDL cholesterol (mg/dl)

NLI” (p.d.u.)

Platelets (10°/uL)

AST (U/L)

ALT (U/L)

GGT (U/L)

Beck Depression questionnaire Score
Mini-Mental questionnaire Score
erMedDiet’ 17 points

Sedentary lifestyle (Yes %)

MetSscore

Low MetS score

(N = 2082)

65.0 (4.96)
31.0 (2.76)

0.981 (0.0728)

133 (14.2)
78.6 (9.26)
102 (14.8)
5.97 (1.43)
188 (33.7)
45.7 (9.95)
118 (30.3)
1.91 (0.816)
229 (55.3)
21.8 (5.93)
23.9 (9.66)
28.1 (14.4)
7.93 (7.01)
28.3 (1.79)
8.47 (2.69)

1211 (58.2%)

-1.71 (L15)

High MetS score

(N = 2081)

65.5 (4.81)
34.0 (338)

0.981 (0.0789)

146 (16.9)
82.7 (10.1)
119 (24.3)
598 (1.45)
198 (36.6)
50.0 (12.0)
117 (32.3)
1.92 (1.59)
235 (56.0)
220 (6.44)
25.7 (10.8)
321 (16.2)
9.00 (7.54)
28.1 (2.06)
846 (2.61)

1130 (54.3%)

171 (1.44)

'BMI, Body Mass Index > Neutrophils- Lymphocytes Index *erMedDiet, Mediterranean Diet Adherence questionnaire 17 points Score.

p-value

0,002
<0.001
0,872
<0.001
<0.001
<0.001
0,832
<0.001
<0.001
0,87

0,823
<0.001

0,48
<0.001
<0.001
<0.001
<0.001
0,879
0,012
<0.001





OEBPS/Images/fendo-13-936956-g002.jpg
Height

60

40

20

Cluster Dendrogram






