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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
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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,
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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/m?) 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).

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).

9677 patients
assessed for
eligibility

10.3389/fendo.2022.936956

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

4| 2803 patientsrefused to participated or did not meet inclusion criteria

6874 randomized
patients

4‘ 2607 patients removed for statistical analysisand study design

| 4267 patients |

4| 104 patients removed by incomplete data

Final population studied
4163 patients

FIGURE 1
Flowchart of selection of studied sample.
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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
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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”.

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.

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).
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TABLE 1 Baseline characteristics of patients regarding MetS components.

Low MetS score

(N = 2082)
Age (years) 65.0 (4.96)
BMI' (Kg/m2) 31.0 (2.76)

Waist-Hip ratio

Systolic blood pressure (mmHg) 133 (14.2)
Diastolic blood pressure (mmHg) 78.6 (9.26)
Glucose (mg/dl) 102 (14.8)
Uric Acid (mg/dl) 5.97 (1.43)
Cholesterol (mg/dl) 188 (33.7)
HDL cholesterol (mg/dl) 45.7 (9.95)
LDL cholesterol (mg/dl) 118 (30.3)
NLI? (p.d.u.) 1.91 (0.816)
Platelets (10/uL) 229 (55.3)
AST (U/L) 21.8 (5.93)
ALT (U/L) 23.9 (9.66)
GGT (U/L) 28.1 (14.4)
Beck Depression questionnaire Score 7.93 (7.01)
Mini-Mental questionnaire Score 28.3 (1.79)
erMedDiet’ 17 points 8.47 (2.69)

Sedentary lifestyle (Yes %)

MetSscore -1.71 (1.15)

0.981 (0.0728)

1211 (58.2%)

10.3389/fendo.2022.936956

High MetS score p-value

(N = 2081)
65.5 (4.81) 0,002
34,0 (3.38) <0.001

0.981 (0.0789) 0,872
146 (16.9) <0.001
82.7 (10.1) <0.001
119 (24.3) <0.001
5.98 (1.45) 0,832
198 (36.6) <0.001
50.0 (12.0) <0.001
117 (32.3) 0,87
1.92 (1.59) 0,823
235 (56.0) <0.001
22.0 (6.44) 048
25.7 (10.8) <0.001
32.1 (16.2) <0.001
9.00 (7.54) <0.001
28.1 (2.06) <0.001
8.46 (2.61) 0,879

1130 (54.3%) 0,012
1.71 (1.44) <0.001

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

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.

The analysis of patients’ characteristics (Table 3) revealed an
unequal patient distribution, especially in clusters 1 and 3, where

Cluster Dendrogram

(=
@0
o
=3

-

g

=

@

I o
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FIGURE 2
Euclidean tree for patient's clusterization
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TABLE 2 Factor loading of pattern matrix.

Factor 1
Variance proportion 0.42
Aspirin use 0.00
Pain treatment 0.06
Tranquilizers use 0.06
CVD treatment -0.04
No metformin diabetes treatment 0.00
Insulin use 0.00
HDL cholesterol 0.19
Waist-Hip ratio -0.05
Hypertension 0.02
Cholesterol 0.90
Glucose -0.01
LDL cholesterol 0.52
NLI Index -0.11
Platelets 0.08
AST -0.01
ALT 0.00
GGT 0.05

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

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.

Regarding anthropometric variables, the waist-hip ratio was
significantly different between clusters whereas BMI did not
present any statistical difference. Moreover, systolic blood

10.3389/fendo.2022.936956

Factor 2 Factor 3
0.32 0.26
0.24 -0.03
-0.02 -0.02
-0.01 -0.05
0.04 -0.03
0.84 -0.02
0.36 -0.06
-0.07 0.02
0.05 0.04
-0.08 0.09
0.02 0.00
0.76 0.03
-0.12 -0.02
0.10 -0.03
0.05 -0.02
0.00 0.51
0.00 0.77
0.01 0.31

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.
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TABLE 3 Differences between clusters in anthropometric, psychosocial, biochemistry and disease prevalence parameters adjusted by sex, age and

recruitment center.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 p-value
(N = 616) (N =1612) (N = 575) (N = 1360)

Sex (%)

Men 51.5 55.8 65.7 36.7 <0.001

Women 48.5 442 343 63.3
Age (years) 65.8 (4.61) 65.9 (4.96) 63.1 (4.73) 65.2 (4.75) <0.001
BMI' (Kg/mz) 32.6 (3.52) 32.4 (3.44) 32.8 (3.36) 32.3 (3.40) 0.493
Waist-Hip Ratio 1.00 (0.07) 0.98 (0.07) 1.01 (0.07) 0.96 (0.07) <0.001
Diastolic blood pressure (mmHg) 139 (17.5) 139 (17.7) 140 (16.2) 139 (16.3) 0.987
Systolic blood pressure (mmHg) 78.2 (9.86) 80.2 (9.97) 82.2 (9.56) 81.6 (9.72) <0.001
MetS score 5.18 (0.514) 4.83 (0.419) 5.07 (0.476) 5.09 (0.430) <0.001
Glucose (mg/dl) 134 (26.3) 106 (17.0) 116 (23.8) 104 (15.3) <0.001
Hbalc 6.83 (0.901) 5.88 (0.535) 6.17 (0.777) 5.84 (0.494) <0.001
Cholesterol (mg/dl) 173 (32.1) 172 (19.7) 189 (36.4) 228 (22.2) <0.001
HDL (mg/dl) 45.6 (10.8) 45.8 (10.3) 45.5 (10.4) 52.2 (11.6) <0.001
LDL (mg/dl) 99.5 (28.2) 101 (19.0) 114 (32.5) 146 (21.8) <0.001
Triglycerides (mg/dl) 141 (55.3) 128 (48.9) 148 (54.2) 146 (52.0) <0.001
AST (U/L) 19.2 (4.44) 20.7 (4.58) 31.2 (6.99) 20.6 (4.39) <0.001
ALT (U/L) 21.6 (6.63) 21.8 (6.50) 44.0 (8.70) 21.6 (6.28) <0.001
GGT (U/L) 287 (14.2) 27.7 (14.1) 412 (18.1) 28.9 (14.4) <0.001
Platelets (103/pL) 242 (61.7) 225 (54.8) 228 (52.7) 237 (54.1) <0.001
NLE (p.d.u.) 2.16 (2.69) 1.95 (0.85) 1.83 (0.67) 1.79 (0.74) <0.001
Uric acid (mg/dl) 5.79 (1.37) 5.99 (1.42) 6.21 (1.49) 5.94 (1.45) 0.128
erMedDiet * 17 Points 8.78 (2.51) 8.37 (2.60) 8.16 (2.71) 8.56 (2.72) 0472
Sedentary lifestyle (Yes %) 45.1 43.5 52.3 39.8 <0.001
Beck Depression questionnaire Score 9.40 (8.21) 8.00 (6.83) 8.11 (7.33) 8.74 (7.34) 0.948
Mini-Mental questionnaire Score 27.9 (2.20) 28.3 (1.80) 28.4 (1.78) 28.2 (2.00) 0.008
Diabetes prevalence (Yes %) 603 (97.9%) 227 (14.1%) 170 (29.6%) 96 (7.1%) <0.001
Hypertension Prevalence (Yes %) 538 (87.3%) 1386 (86.0%) 493 (85.7%) 1123 (82.6%) <0.001
Dyslipidemia prevalence (Yes %) 481 (78.1%) 1095 (67.9%) 389 (67.7%) 935 (68.8%) <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.

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).

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

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

frontiersin.org


https://doi.org/10.3389/fendo.2022.936956
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Micé et al.

FIGURE 4
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(A) Differences in glucose. Hbalc 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.

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

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

Cluster 1 Cluster 2 Cluster 3 Cluster 4 p value
(N = 616) (N =1612) (N = 575) (N = 1360)

Total energy intake (kcal) 2300 (523) 2390 (559) 2450 (577) 2310 (544) 0.34
Carbohydrates (g/day) 233 (69.5) 247 (73.3) 251 (72.4) 240 (72.8) 0.63
Protein (g/day) 97.3 (22.7) 97.5 (22.2) 99.4 (22.3) 95.5 (21.8) 0.03
Total fat (g/day) 101 (27.9) 104 (29.1) 106 (29.9) 101 (28.0) 0.20
Monounsaturated fat (g/day) 52.0 (16.1) 53.8 (16.7) 54.6 (16.7) 52.2 (15.6) 0.37
Polyunsaturated fat (g/day) 17.8 (6.76) 18.2 (6.77) 18.4 (7.11) 17.4 (6.47) 0.02
Saturated fat (g/day) 25.4 (8.02) 26.4 (8.42) 27.1 (8.81) 25.3 (8.22) 0.13
Trans fat (g/day) 0.57 (0.37) 0.61 (0.40) 0.63 (0.43) 0.56 (0.36) 0.14
Linoleic acid (g/day) 13.6 (5.78) 13.8 (5.69) 13.8 (5.75) 13.2 (5.57) 0.02
Linolenic acid (g/day) 1.39 (0.652) 1.47 (0.697) 1.44 (0.659) 1.40 (0.666) 0.24
Q-3 Fatty acid (g/day) 0.88 (0.48) 0.89 (0.47) 0.88 (0.44) 0.88 (0.49) 0.96
Alcohol (g/day) 10.1 (15.1) 10.6 (14.4) 13.3 (16.4) 9.27 (13.6) 0.12
Fiber (g/day) 26.6 (8.96) 26.5 (8.90) 25.8 (8.79) 26.3 (8.74) 0.25
Vitamin A (mcg/day) 1150 (697) 1110 (622) 1080 (643) 1070 (622) 0.03
Vitamin C (mg/day) 202 (84.6) 207 (87.4) 193 (84.7) 202 (84.3) 0.28
Vitamin E (mg/day) 10.9 (4.49) 10.7 (3.94) 10.5 (4.00) 10.4 (3.87) 0.01
p-value refers to ANOVA test comparisons between clusters.
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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
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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
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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
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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.
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